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~e™ ‘Wadd = Atomic “facts 


> THE ATOMIC ERA has taken the first steps to make it one world at 
last. One world, somewhat in the old sense that scientists were once 
citizens of the world with prime loyalty to truth and with full confi- 
dence that facts are valuable for their own sake. 

The lesson of Geneva (the second of the August conferences, the 
one that had the most openness and probably the most lasting results, 
that of the peaceful atom ) is that in the peaceful applications of atomic 
energy it will be most effective if the world’s knowledge is pooled. 
What the scientists of one nation learn working within their own 
bounds of secrecy can be discovered by the scientists of a rival nation 
with similar scientific competence and determination. 

This is no new discovery. It was demonstrated in the atomic weap- 
ons field when the Russians exploded A-bombs and then H-bombs. 
Russians, British, Canadian, French, Scandinavians as well as Ameri- 
cans have built various atomic reactors, differing in details, but capable 
of use in power generation, radioisotope manufacture or probing for 
more information. 

When hitherto secret data on such matters as the cross-section of 
fissionable material were made known at Geneva, the figures of all 
atomic nations matched so well that whose points were whose on the 
summarizing curves was not distinguishable. 

Atomic secrecy, both in the USA and the USSR, will continue in 
almost full for 2. For instance, we can not expect to hear of progress 
made in ienleus the H-bomb (fusion) reaction to power production, 
although admissions were forced by press pressure at Geneva from 
the United States, the Soviet Union and Britain that they were working 
on this prospect. An international research program on peaceful fusion 
is much too daring an idea, no doubt. But give the world time. If it 
can refrain from fusion suicide, such cooperation may come to pass. 
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> DeLecates in Geneva in August talked “Atoms For Peace.” 


Three Epochs of Energy 


by Homi J. BuaBHa 


Leading Indian physicist, President of the International Conference 
on the Peaceful Uses of Atomic Energy. 


> THE PURPOSE of this Conference 
s to discuss the peaceful uses of 
itomic energy, and to exchange 
scientific and technical knowl- 
dge connected with it. The im- 
iortance of this exchange of 
inowledge can hardly be over- 
stimated. Knowledge is perhaps 
the most important possession of 
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Man. It is the accumulated 
knowledge of centuries which dif- 
ferentiates modern Man from his 
ancestors in the dawn of civiliza- 
tion. It is this knowledge, and not 
any notable change in his physical 
and mental equipment, which has 
enabled him to build the civiliza- 
tion of to-day. One can hardly 










forsee the far-reaching develop- 
ments to which this Conference 
may lead. 

In a broad view of human his- 
tory it is possible to discern three 
great epochs. The first is marked 
by the emergence of the early 
civilizations in the valleys of the 
Euphrates, the Indus, and the 
Nile, the second by the industrial 
revolution, leading to the civili- 
zation in which we live, and the 
third by the discovery of atomic 
energy and the dawn of the a- 
tomic age, which we are just 
entering. Each epoch marks a 
change in the energy pattern of 
society. 

In a practical sense, energy is 
the great prime mover, which 
makes possible the multitude of 
actions on which our daily life 
depends. Indeed, it makes possi- 
ble life itself. 

It may be remarked in passing 
that by far our greatest source of 
energy is the sun. It is this solar 
energy, received as light and heat, 
which has produced those physi- 
cal conditions on the surface of 
the earth, which are necessary for 
the emergence and continuance 
of Life. It is well known that a- 
tomic energy is the ultimate 
source of this vast output of ra- 
diant energy from the sun. But 
although life depends on solar 
energy for its existence, man has 
made very little progress since 
time immemorial in the conscious 
use of this vast source of energy. 
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The First Epoch 
















































Man has existed on this earth a 
for well over 250,000 years. And }"jare 
yet the earliest civilizations of com 
which we have record only date | o¢ ty 
back some 8,000 years. It took } of ¢ 
man several hundred thousand | gaily 
years to acquire those skills and } adqya 
techniques on which the early | fo}[o 
civilizations were based, the tech- } j.] 
niques of agriculture, animal hus- } »}, 
bandry, weaving, pottery, brick | tion 
making, and metallurgy. The ac- | co , 
quisition of these techniques and ; of th 
the emergence of the early civili- } toy ; 
zations must be regarded as the | tions 
first great epoch in human history. pow 

Despite many differences in | class 
habit, culture and social pattern, | limit 
all these early civilizations were } gy, t 
built essentially on the same foun- } only 
dation. All the energy for doing | y,, . 
mechanical work, for tilling the \ 
ground, for drawing water, for ie 
carrying loads, and for locomotion 
was supplied by muscle, whether of th 
human or animal. Molecular, or} | 
chemical energy, as for example ia 
that obtained by burning wood, ie 
was only used to a limited extent ai 
for cooking and heating, and in ead 
a few technical processes, as in me 
metallurgy. ais 

It is important to note the} 4, 
severe limitation that this restric-| 4 f 
ted supply of energy puts on the wens 
development of civilization. A},,... 
man in the course of heavy phys- | j,4i, 
ical labour in an eight hour day oa 
can hardly turn out more than le 
half a kilowatt-hour of useful]... 
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ork. This is not much more than 
“is necessary to maintain him at a 
“bare subsistence level. It is to be 
compared with the rough figure 
of twenty kilowatt-hours or more 
of energy per person which is 
daily utilized in the industrially 
advanced countriés of today. It 
followed that a high level of phys- 
ical comfort and culture could 
only be enjoyed by a small frac- 
tion of the population by making 
use of the collected surplus labour 
of the rest. It is sometimes forgot- 
ten that all the ancient civiliza- 
tions were carried on the muscle 
power of slaves or of a particular 
class in society. Through the very 
limitations of the available ener- 
gy, the fruits of civilization could 
only be enjoyed by a few. 
The Second Epoch 


A departure from this basic 
pattern only began with the scien- 
tific and technical developments 
of the seventeenth and eighteenth 
centuries, result of which 
man began to make increasing 
use of chemical energy for doing 
and augmenting the mechanical 
work which had till then been 
lone by muscle. The widespread 
use of chemical energy, especially 
that obtained by burning the fos- 
sil fuels, coal and oil, marks the 
second great epoch in human his- 
tory. It led to the industrial revo- 
lution, and the industrialized 
pattern of society and civilization, 
which is typical of this age. In 
me highly industrialized country 


as a 


SEPTEMBER, 1955 


witha 


to-day 23 kilowatt-hours of ener- 
gy are utilized daily per head, 
corresponding to the muscular 
effort of 45 slaves. In another ad- 
vanced country the figure is about 
twice this. This shows how radi- 
cally the energy pattern of a 
modern industrialized society dif- 
fers from that of the early civili- 
zations and non-industrial- 
ized society. 


of a 


The total consumption of ener- 
gy in the world has gone up in a 
staggering manner. It is conven- 
ient in dealing with such enor- 
mous amounts of energy to use an 
appropriately large unit, denoted 
by Q, which is equal to a million 
million million British thermal 
units of energy, corresponding to 
the combustion of some thirty 
three thousand million tons of 
coal. It is estimated that in the 
eighteen and a_ half centuries 
after Christ some 9Q of energy 
were consumed, corresponding to 
an average rate of under half a Q 
per century. But the actual rate in 
1850 was probably about 1 Q per 
century. The rate continued to 
increase, and it appears that by 
1950 roughly another 5Q may 
have been consumed, while the 
rate had then risen to 10Q per 
century. How the world demands 
for energy will continue to in- 
crease in the future is one of the 
important subjects which this 
Conference will discuss. 

It is not my intention here to 
anticipate the work of the Con- 








ference, but merely to touch on 
the many factors which enter into 
an answer to this question. The 
population of the world has been 
increasing rapidly. It is estimated 
that it was a few hundred million 
in 1 A.D. It may have been less 
than three hundred million. There 
appears to have been no remark- 
able increase till about the middle 
of the seventeenth century. There- 
after, for a reason which we do 
not understand, the population ap- 
pears to have increased rapidly. 
It is estimated to have reached 
1500 million in 1900, some 2000 
million in 1930, and roughly 2300 
million in 1950. We will have to 
estimate what the world popula- 
tion will be in 1975 and in A.D. 
2000. Experts variously place it 
between 3500 and 5000 million by 
the end of the century. 


Next, we have to determine the 
future per capita utilization of 
energy to which I have already 
alluded. It is estimated that the 
per capita utilization of energy 
has been increasing in the world 
as a whole during the last ninety 
years at some 2.2% per annum 
compounded, while the present 
rate is about 3%. For some highly 
industrialized countries the rate 
of increase has been as high as 
4% and more. What will the rate 
be as the underdeveloped areas 
of the world, with their large pop- 
ulations, become industrialized, 
with all the advantages of modern 
technology at their disposal, and 
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the experience of others to learn | 
from? What is the average per 
capita utilization of energy which! 
we must anticipate in A.D. 2000? 

There is a point which must be| 
remembered in this context. In- 
dustrialization has so far proceed- 
ed on the basis that most of the} 
materials needed for it are availa- 
ble on demand. This may no long- 
er be so. It is estimated that the 
known reserves of a number of 
metals used in industry will not 
last more than a few decades at 
their present rate of consumption. | 
The industrialization of large new 
areas of the world will aggravate 
the situation still further, and we 
will be forced to use natural or 
synthetic substitutes. This will 
make additional demands for en- 
ergy beyond those we can antici- 
pate on the present basis. 

Of the enormous consumption 
of energy in the world to-day 
about 80% is provided by the com- 
bustion of coal, oil and gas, while 
hydro-electric power provides less 
than about 114%. The contribution 
of muscular energy is estimated 
to be about 1%. The rest, amount- 
ing to something over 15%, is 
obtained by burning wood and 
agricultural waste. Hydro-electric 
power is never likely to contribute 
more than a small fraction of the 
total energy consumption of the 
world, since the total potential 
capacity is relatively limited. Nor 
is the contribution from wood and 
agricultural waste likely to in- 
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lean | crease substantially. Hence, as the 
per } total demand for energy increases, 
thich! a larger and larger fraction will 
1000? } have to be provided by the fossil 
st be| fuels, coal and oil, unless some 
In-} entirely new source of energy is 
eed: } found. 
f the} It is, therefore, of importance 
raila-| for us to have fairly accurate es- 
long-} timates of the reserves of coal and 
t the! oil that remain in the ground. We 
or of} are not concerned here with the 
| not} absolute amounts of these sub- 
es at{ stances in the earth’s crust, but 
dion. | with the amounts that are recov- 
new 


a 


erable at a cost not many times 


avate} higher than present costs. This is 
d we} another problem which will be 
al or} discussed in the Conference. The 
will] consensus of opinion seems to be 
r en-| that the total economically recov- 
ntici-} erable world reserves of coal, oil, 
gas and oil shale are equivalent 
ption} energy value to under 100Q. 
)-day} Some have put the figure under 
com-} #0Q. It is probable that, at the 
while} tate at which the world consump- 
s less} tion of energy is increasing, these 
ution} "eserves will be exhausted in un- 
nated| der a century. 
ount-| Let us pause to see what this 
%. is}means. The bulk of our coal, the 


and{ bituminous coal, comes from the 


ectric} Carboniferous Age, some 250 mil- 
ibute} lion years ago. We are exhausting 
f the} these reserves, which have been 
f the} built up by nature over long per- 
ential| iods of time, in a few centuries, 
Nor} in a flash of geological time. 
dand] It is a matter of regret that 
o in-}there are several areas of the 
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world which are not directly rep- 
resented at this Conference, and 
that in these important discus- 
sions about the fuel resources and 
power needs of the world as a 
whole and of individual countries 
the plans of about a quarter of 
the world’s population should not 
be before us. 

Certain important conclusions 
can be reached without answer- 
ing in detail the difficult question 
which I have just touched on. Of 
the total world consumption of 
energy, amounting to 1Q per dec- 
ade in 1950, 37% was in the Uni- 
ted States. If the entire present 
population of the world were to 
consume energy per capita at the 
same rate as in the United States, 
the total consumption of energy 
in the world would be over 5% Q 
per decade instead of the present 
IQ. Coupled with a doubling of 
the world’s population within the 
next hundred years, which is the 
least that we can expect, this 
would exhaust the known reserves 
of fossil fuels in under a century. 
In this simple arithmetic no al- 
lowance has been made for the 
fact that the standard of living of 
the industrially advanced coun- 
tries is rising, and, we hope, will 
continue to rise. 

This conclusion is of great 
significance. It shows that our 
presently known reserves of coal 
and oil are insufficient to enable 
the under-developed countries of 
the world, which contain a major 
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part of its population, to attain 
and maintain for long a standard 
of living equal to that of the in- 
dustrially most advanced coun- 
tries. It shows the absolute neces- 
sity of finding some new sources 
of energy, if the light of our civi- 
lization is not to be extinguished, 
because we have burnt out our 
fuel reserves. 
The Third Epoch 

It is in this context that we turn 
to atomic energy for a solution. 
The Conference will discuss the 
known reserves of uranium and 
thorium in individual countries 
and in the world as a whole. It 
has been estimated that the total 
recoverable world reserves of 
uranium and thorium contain an 
amount of energy of the order of 
1700 Q. If this is really so, then 
atomic energy could, first, pro- 
vide the energy necessary to en- 
able the under-developed coun- 
tries to reach the standard of 
living of the industrialized coun- 
tries, and secondly, enable the 
entire world to maintain a con- 
stantly rising standard of living 
for very many decades, and pos- 
sibly for several centuries. For 
the full industrialization of the 
under - developed countries, for 
the continuation of our civiliza- 
tion and its further development, 
atomic energy is not merely an 
aid; it is an absolute necessity. 
The acquisition by Man of the 
knowledge of how to release and 
use atomic energy must be recog- 
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nized as the third great epoch iy 
human history. 

There is no longer any question 
that atomic energy can be used 
for power generation. We know! 
that it has been used for several 
years to heat houses in winter} 
in a small area in England. We 
know that a United States sub-} 
marine has been propelled suc-| 
cessfully by atomic energy, and} 
we know that in the Soviet Union 
an atomic power station of 5000) 
kilowatts had fed electricity into, 
the grid. An atomic power station} 
of 50,000 kilowatts is expected ti 
be in operation in the United 
Kingdom next year, and a rapidh 
accelerating programme of new 
power stations has been planned 
Several atomic power stations of 
varying designs are under con- 
struction in the United States 
and others are under construction 
in the Soviet Union. Further, two 
atomic power producing reactors 
are under construction in France 
and one is being planned for 
Canada. There is little doubt that 
many atomic power stations will 
be established in different parts 
of the world during the next ten 
years. The extent to which atomic 
energy contributes in the future to 
the total energy production will 
depend on the capital and run 
ning costs involved, and will vary 
from country to country. 

The basic ideas of atomic ener- 
gy are simple, but its technology 
is sophisticated and difficult 
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Hundreds of tons of special ma- 
terials have had to be produced 
in states of extreme purity sur- 
passing anything known hitherto 
even in the pharmaceutical in- 
dustry. Highly radioactive sub- 
stances have had to be treated 
chemically in bulk by remote 
control. All this has required the 
development of new methods and 
techniques at great expense and 
by enormous effort. Many ses- 
sions of the Conference are to be 
devoted to a the 
technology of atomic materials. 
As in all industrial operations, 
there is always room for technical 
improvement and alternative pro- 
cesses, and the information which 
will be interchanged at the Con- 
ference is likely to be of value 
to all. 

It is well known that, unlike 
coal furnaces, which may differ in 
detail but are basically all of the 
same design, atomic furnaces can 
be of at least half a dozen basical- 
ly different designs, which differ 
in the physical and chemical state 
of the fuel, the moderator used, if 
any, and the method employed 
for extracting heat. Perhaps some 
of the greatest interest will attach 
to the series of technical sessions 
which is to be devoted to reactor 
technology. These sessions will 
throw important light on the 
merits and disadvantages of the 
different types of reactors. 


discussion of 


The economics of electricity 
generation by different types of 
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reactors is a matter of great im- 
portance, and it is to be hoped 
that the information which will 
be placed before this Conference 
will allow some preliminary con- 
clusions to be reached. A definite 
answer will doubtless have to 
wait till reactors of different types 
have been tried out on a large 
scale over a number of years. 

A widespread atomic power in- 
dustry will produce vast amounts 
of radioactive material. There 
will be papers at the Conference 
dealing with the use to which 
some fission products can be put 
in industry, and perhaps in the 
preservation of food. The effect 
of radiation in stimulating and 
altering equilibrium of chemical 
reactions has opened entirely new 
possibilities in chemistry, which 
may have a profound influence on 
the chemical industry. These new 
applications in industry may use 
far more of these fission products 
than we expect today, but never- 
theless the bulk of them may 
have to be stored in a safe and 
convenient way. Extreme care 
will also have to be taken with 
regard to the radio-activity which 
is allowed to escape into the air. 

But there are also purely scien- 
tific problems to which answers 
have yet to be found. The direct 
biological effects of radiation are 
fairly well known, and it is pos- 
sible to prescribe safe tolerance 
doses, though even here there ap- 
pears to be some divergence of 
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view among experts. The indirect 
effects are much more difficult to 
assess. Above all, not enough is 
known yet about the genetical 
effects. We know that irradiation 
produces artificial mutations, and 
this method had been used with 
advantage in improving the 
strains of plants and crops. But 
most of the mutations produced 
are lethal or deleterious. Natural 
selection perhaps gives an in- 
herent stability to the evolution- 
ary process through the survival 
of the favourable mutations and 
the extinction of the carriers of 
the deleterious ones. Neverthe- 
less, this is too important a matter 
for any risk to be taken, and it 
is imperative that the long range 
genetic effects of a small rise in 
the general level of radiation 
should be established beyond 
doubt. I am sure the many dis- 
tinguished scientists present will 
discuss this matter with scientific 
objectivity and thoroughness. Our 
first duty as scientists is to estab- 
lish the truth, and in this matter 
our responsibility to humanity 
transcends our allegiance to any 
state. 


Atomic energy also differs from 
chemical energy in its concentra- 
tion. The complete combustion of 
a pound of carbon yields some 
14,650 British thermal units of 
energy, while the complete fission 
of a pound of uranium would 
yield some 3.3 thousand million 
British thermal units. Conse- 
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quently, the complete fission of a | will 

ton of uranium or thorium would | patio 
yield as much energy as two and} al. f 
a half to three million tons of | atom 
coal, depending on its quality. | ative 
This concentration has typical } atom 
consequences of its own. For ex- | worl 
ample, it has made _ possible a} tiona 
submarine whose performance | state 
was unachievable through the | peac 
use of chemical energy, just at I 

the internal combustion engine | - 

made aviation possible in the | sch 
earlier part of the century. We | i 
are but at the beginning of these | wane 
developments, and the coming | hie 
years will see many new applica- ol 
tions and achievements which we with 
can only visualize at present, as a 
for example that of travel into sal 
space. ally: 


The immense concentration of } to t 


atomic energy has made possible} Bef 
other developments whose im- |} sign 
mediate results have been less] it 


happy, and which have placed a 
pall of fear over the peoples of 
the world. I refer, of course, to 
the development of atomic and 
hydrogen bombs. The powerful 
and technically advanced nations 
have suffered most from this fear. 
Atomic weapons lie outside the 
scope of this Conference, but we 
cannot entirely separate the ap- 
plications of peace from the ap- 
plications of war. The rise of an 
atomic power industry in many 


Dis 
parts of the world, the develop-} Pre 
ment of which is necessitated by | the 
the growing demands for energy, | wh 
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will put into the hands of many 
nations quantities of fissile materi- 
al, from which the making of 
atomic bombs will be but a rel- 
atively easy step. A widespread 
atomic power industry in the 
world will necessitate an interna- 
tional society in which the major 
states have agreed to maintain 
peace. 


I am sure all will agree with 
me, if | single out for mention the 
name of one scientist of our time, 
who has perhaps done more than 
anyone else to lay the scientific 
foundations of the modern age, 
and who has now taken his place 
with the giants in the history of 
science. Some of us had the 
privilege of knowing him person- 
ally; all know of his work. I refer 
to the late Dr. Albert Einstein. 
Before he died Einstein put his 
signature to a document in which 
it was pointed out that 


“the authorities are 
unanimous in saying that 
a war with H bombs might 
quite possibly put an end 
to the human race. 

It is feared that if many 
H-bombs are used, there 
would be universal death 
—sudden only for a minori- 


best 


ty, but for the majority a 
slow torture of disease and 
disintegration”. 
President Eisenhower expressed 
the same view in a recent speech, 
when he said: “There seems to be 
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a growing realization by all that 
nuclear warfare pursued to the 
ultimate could be possibly race 
suicide”. A most important meet- 
ing of the Heads of four great 
States has taken place recently in 
this very city, which augurs well 
for the future. Much remains to 
be done, but one has every reason 
to hope that the intelligence of 
man will overcome his fear and 
his weaknesses. The areas of so- 
cial organization and orderly 
peaceful existence have on the 
average increased continuously 
with advances in technology. At 
no previous period in history have 
such large and closely integrated 
States existed. It is, therefore, not 
surprising that in the atomic age 
major wars should ultimately be- 
come impossible, and that the 
area of peaceful existence should 
eventually cover the entire globe. 


Last, but not least, I should like 
to mention the whole series of 
technical sessions which is de- 
voted to the role of atomic energy 
in biology and medicine. The im- 
portance of tracers in the investi- 
gation of biological phenomena 
is well known. They have already 
led to an understanding of the 
pathways followed in the syn- 
thesis of biological compounds by 
living organisms, which might not 
have been achieved otherwise for 
many decaJes. One should also 
recall in this connection the dis- 
covery and proof of the dynamic 
state of all parts of the body. 
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Isotopes may also be expected to 
lead to a better understanding of 
the infective processes in animal 
and plant tissues through the mi- 
gration of micro-organisms. The 
importance of isotopes in under- 
standing the processes of life can- 
not be overestimated, and it may 
be hoped confidently that with 
the wider spread of knowledge 
and techniques of the handling 
and use of isotopes, which will 
result from this Conference, the 
biological sciences will receive a 
most important impetus. 


The historical period we are 
just entering, in which atomic 
energy released by the fission 
process will supply some of the 
power requirements of the world, 
may well be regarded one day as 
the primitive period of the atomic 
age. It is well known that atomic 
energy can also be obtained by 
a fusion process, in the H- 
bomb, and there is no basic scien- 
tific knowledge in our possession 
today to show that it is impossible 
for us to obtain this energy from 
the fusion process in a controlled 
manner. The technical problems 
are formidable, but one should 
remember that it is not yet fifteen 
years since atomic energy was 
released in an atomic pile for the 
first time by Fermi. I venture to 
predict that a method will be 
found for liberating fusion energy 
in a controlled manner within the 
next two decades. When that 
happens, the energy problems of 


as 
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the world will truly have been 
solved for ever, for the fuel will 
be as plentiful as the heavy hy- 
drogen in the oceans. 

I am sure you would all like 
me on this occasion to remember 
Rutherford who first unravelled 
the structure of the atom and 
created the science of nuclear 
physics upon which atomic ener- 
gy is based. Few ages in history 
can claim a scientist of his magni- 
tude. Our generation is fortunate 
indeed that it has known both 
Einstein and Rutherford. 

All the basic discoveries upon 
which atomic energy is based 
were made before the second 
world war by scientists of many 
nations working in free and full 
collaboration. The war put an end 
to this free exchange of knowl- 
edge, and most of the technical 
developments concerning atomic 
energy were made subsequently 
by a few nations, each working in 
isolation behind a wall of secrecy. 
This Conference, arising out of 
the bold initiative of President 
Eisenhower, has already broken 
down many of these barriers, and 
we have come to know of the 
remarkable advances in atomic 
energy achieved in several coun- 
tries, of which we were totally 
ignorant hitherto. It is to be 


hoped that through the remark- 
able improvement in the political 
climate which has taken place 
recently, and which we hope will 
continue, the barriers which re- 
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main will gradually disappear al- 
together. If much has been 
achieved through the individual 
and isolated efforts of a few coun- 
tries, how much more could be 
achieved by the combined effort 
of all. Those who have the good 
fortune to participate in this 
} Conference are privileged to be 

in the vanguard of the march of 


so 


— 


~_— 


~— 


history. We have the unique op- 
portunity of giving of our knowl- 
edge to others for the common 
good. | hope this Conference will 
play its part in helping the prog- 
of mankind toward the 
ever-widening dawn of the atom- 
ic age, with the promise of a life, 
fuller and happier than anything 
we can visualize today. 


ress 


| Information Exchanged at Geneva 


> Ir took a decade of the atomic 
era to bring the nations of the 
; world together to discuss how the 
| atom can be harnessed the 
good of the world. 
The first combat 
blasted Hiroshima 
1945, seems remote 


for 


\-bomb that 
Aug. 6, 
in time. The 
accent at the International Con- 
ference on the Peaceful Uses of 
Atomic Energy, Aug. 8-20 at 
Geneva, was on the usefulness of 
atomic energy, not its destructive 


dangers. 


on 


The big fact of the atom con- 
ference was identical with that of 
the Big Four conference held 
earlier in the same meeting halls: 

Russians and sat 
lown and discussed their prob- 
lems peacefully and constructive- 
ly. The atoms meeting was much 
more inclusive. Every nation that 
is working in the atomic field par- 
ticipated, under the United Na- 
tions. 


Americans 


Few were surprised to learn 
from the papers presented that 
the Russians and many other na- 
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tionalities have been able to dig 
out by the hard research way the 
facts that the Americans have 
also discovered and kept rigorous- 
ly secret until this meeting. 

Russians made A- and H- 
bombs by independent research. 

For the good of the world, 
which but for atomic energy 
might die of slow energy starva- 
tion in the coming generations, 
there should be freedom for an- 
nouncing all that is known about 
getting useful power from the 
atom, using the by-products of a- 
tomic energy for scientific explo- 
ration, industrial applications, and 
medicine and health. A good be- 
gining was made in the two weeks 
of discussion by atomic experts. 
We may be entering a period 
when scientists and industrialists 
will be more important than se- 
curity officers. 

The world had its first chance 
at the commercial exhibits shown 
during the conference to see what 
industry is ready to sell atomical- 
ly on a world-wide basis. 
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Health Hazards From 
Fission By-Products 


Maximum Intake of Radioisotopes 


by Kart Z. Morcan, WALTER S. SNyDER, Mary R. Foro, 


Oak Ridge National Laboratory 


>» IN CASE a person receives a 
single exposure to relatively in- 
soluble radioactive material, the 
the localized dose is likely to be 
much greater if the material con- 
taminates an open wound than if 
it enters the body by ingestion or 
inhalation. This may lend support 
to the common medical practice 
of excising contaminated tissue 
from such a wound. A compara- 
tive summary of the 20 more 
dangerous radionuclides indicates 
that many of the radionuclides are 
in the very hazardous group re- 
gardless of whether they are in- 
haled or injected; whether they 
are soluble insoluble; and 
whether the wound site, the lung, 
the GI tract or some other organ 
is the critical body organ. For ex- 
ample, Ac?27, At?11, Po?10, 
Am?#!, Pb?1°, and Sr9° +Y9° 
are generally among the more haz- 
ardous isotopes, the first four be- 
ing among the 12 more hazardous 
in every case. For inhalation, the 
lung or GI tract is usually the 
critical body organ. In case of ac- 


or 
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cident the ingestion hazard is con- 
sidered to be negligible compar- 
ed with the inhalation or injection 
hazard. The absorbed dose from 
each of the radionuclides is cal- 
culated by means of the digital 
computer at 31 points along the 
GI tract. The lower large intes- 
tine is usually the critical portion 
of the GI tract but, where the ef- 
fective half-life is short, other 
portions, i.e., stomach, small in- 
testine, and upper large intestine, 
may become the critical tissue. 
Five of the radionuclides—Sr®’ 

Y®°, Sm151, Pu239, Ra226, and 
Th?*2—have very long biological 
half-lives so that the limited re- 
striction leading to the smallest 
maximum permissable intake is 
the requirement that the integra- 
ted dose as a result of a single 
body intake must not exceed 150 
rem in a lifetime (during the fol- 
lowing 70 years). For the rest of 
the radionuclides, the smallest 
maximum permissible intake _ is 
obtained when the _ integrated 
dose is limited to 0.3 rem during 
the week following the exposure. 
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Elements 99 and 100 Named 
For Einstein and Fermi 


New Elements Einsteinium and Fermium 


> THE NAMES of two great scien- 
tists who died within the past 
year, Albert Einstein and Enrico 
Fermi, were immortalized by the 
christening of chemical elements 
99 einsteinium and 100 fermium, 
it was announced in Geneva dur- 
ing the Atoms For Peace Confer- 
ence by Dr. Albert Ghiorso of 
the University of California at 
Berkeley. 

Dr. Ghiorso also revealed both 
elements were first discovered in 
debris from the October, 1952, 
H-bomb explosion by Dr. Glenn 
Seaborg, also of the University of 
California. 

A group of scientists led by Dr. 
Seaborg later made _ einsteinium 
ind fermium in a cyclotron and 
in nuclear reactors at Berkeley, 
Argonne National Laboratory and 
Los Alamos. 


The symbol for element 99, 
einsteinium, is plain E. That for 
100 is Fm. Now all discovered 
elements are named, since 101 
was previously named mendelev- 
ium after the Russian D. Men- 
leleeff who announced the per- 
iodic system of the elements in 
1869. This name pleased the Rus- 
sians who placed it on the giant 
periodic table of the USSR exhi- 
bit at the International Confer- 
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the Peaceful Uses of 


Atomic Energy. 


ence on 

The Russians are expected to 
replace their labels for 99, athen- 
ium, and for 100, centurium, with 
the announced U.S. names 

Naming the new elements was 
delayed by secrecy imposed by 
their creation in the thermonu- 
clear reaction when uranium 238 
added 17 neutrons in one jump, 
becoming einsteinium 255, which 
changed to fermium 255 by elec- 
tron loss. 

The elements were found in H- 
bomb dust picked up about 200 
miles from Eniwetok. 

Subsequently both 99 and 100 
have been made in the cylotron 
by bombardment with nitrogen 
14, and in a reactor by successive 
neutron irradiations of plutonium. 

Dr. Ghiorso predicted sufficient 
quantities of element 99 to be 
visible microscopically would be 
available within a year, since one 
form has a half life of one year. 
Within four years, the discovery 
of elements 102, 103, and 104 will 
probably be made as a result of 
bombardment of heavy elements 
with heavy particles. Dr. Ghiorso 
reported atoms with more than 
152 neutrons fission at an enhanc- 
ed rate, as fermium does. 





Mysterious Numbers Tell 
Which Elements Will Fission 


Magic Atomic Numbers 


by HEten M. Davis 


> MAaciC NUMBERS are appearing 
in sober scientific papers. By us- 
ing them, physicists hope to pen- 
etrate more and more closely into 
the secrets of atomic structure. 

Mystery-loving priests of an- 
cient religions taught that 3 and 
7 have magic properties. To mod- 
ern scientists the magic numbers 
are 50, 82, 126 and now 152. 


The modern magic numbers 
have to do with the arrangement 
in space of particles inside the 
atomic nucleus. These particles 
are so unthinkably small that 
there is no mechanism by which 
we can hope to see them. There 
is even doubt that they have ma- 
terial substance. But they occupy 
space, nevertheless. 


And, just as seven pennies as- 
sume the shape of a ring of six 
around one central penny when 
they are pushed together on a 
flat surface as closely as they will 
go, so protons and neutrons inside 
the nucleus arrange themselves in 
rings or “shells” that tend to stay 
in a definite pattern. 

Although the physicist’s imagi- 
nary picture of the atom is copied 
from our solar system, where a 
large central sun is ringed by the 
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orbits of relatively tiny planets) 


the nucleus, 


have no such roomy space. 


In the nucleus, as scientists 


picture it, protons and neutrong 
are packed into a small volume 
Instead of spreading out, as eae 
successive element adds to t 

number of subnuclear particle 
the nucleus seems to beco 

more crowded. 


Inside the nucleus of ordina 
uranium are packed 92 proton 
and 146 neutrons. They seem te 
be arranged in concentric “shells 
which have a complex symmetry: 

The greatest early contribution 
to understanding the theory of 
atomic structure was made about 
1860 by the Russian chemist, D 
Mendeleev, just honored by hav- 
ing element 101 named for him 
Mendeleev recognized that the 
differences between the chemical 
properties from one element to 
the next, when they are arranged 
in the their atomic 
weights, recur in regular fashion 


order of 


After completing a series of 
different elements, the properties 
are repeated in the following 
series. So regular is this repetition 
of properties that Mendelee\ 
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>» THESE PENNIES illustrate one reason why priests of old considered 

7 a magic number. Try to get more than six coins arranged around 

the center one. Similarly, inside the atomic core particular numbers 
seem to have meanings based on atomic geometry. 


could and did predict with great 
accuracy the properties of undis- 
covered elements to fill all the 
gaps in the periodic table of the 
elements which he constructed. 
Although, 
time, new 


since Mendeleev's 

families of elements 
completely outside his original 
scheme have been discovered, 
these have proved his periodic 
law by fitting into the table in a 
completely regular way. 
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The chemical properties on 
which Mendeleev’s table is based 
belong to the outer rings of plan- 
ets in the atomic solar system. As 
new knowledge is gained about 
the particles that make up the 
atomic nucleus, chemists are in- 
terested to discover that they, too, 
have periodic variations. 

Recent study of all the radio- 
active forms of the elements has 
forced upon scientists the belief 








that such nuclear properties as 
the radioactive decay rate, and 
even the relative abundance of 
the elements on earth, depend on 
neutrons inside the nucleus. 


Some number combinations 
seem to produce isotopes that are 
especially stable, or have long 
radioactive lives. Other combina- 
tions seem to be unfavorable to 
the formation of stable elements. 

A particular stability is imag- 
ined for the nuclei with “magic 
numbers.” The particles “prefer” 
certain forms. They do not as- 
sume other arrangements, per- 
haps in the same way that the 
inert elements do not form com- 
pounds. 

The laws of atom formation, as 
they have come to be understood, 
prevent two electrons circulating 
in the same orbit at the same 
time, unless they spin in opposite 
directions. 

More than two electrons ca:.20t 
share an orbit at all, and the 
number of orbits which can oc- 
cupy the space a certain distance 
from the nucleus is strictly limit- 
ed. Each group of orbits may be 
thought of as comprising a “shell” 
at a certain distance around the 
nucleus. 

A “magic number” may corres- 
pond to a similar “closed shell” 
inside the nucleus. Closed shells 
for both protrons and neutrons 
have been detected. 
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Picture analogies in subnuclear 
realms are not exact, and are far 
from satisfactory. Physicists point 
out that these fast-moving entities 
are at the same time waves and 
particles, and that it is impossible 
to be certain where they are at 
any definite moment. Yet the pic- 
ture of the “closed shell” is useful 
if it is not taken too literally. 

As evidence of the stability of 
the magic number 50 for protons, 
tin, with atomic number 50, has 
more isotopes than any other ele- 
ment. 

Lead, end-product of all radio- 
active transformations, is doubly 
a magic number element, for it 
has 82 protons and one of its 
isotopes is possessed of 126 neu- 
trons. Both of these numbers are 
characteristic of special stability. 

Number 152 is the latest magic 
number to appear from subnu- 
clear research. Dr. Glenn T. Sea- 
borg of the University of Calif- 
ornia states that it seems to meas- 
ure a new stable subnuclear con- 
figuration. 

Subtract the atomic number 
from the atomic mass of one of 
the man-made isotopes of a trans- 
uranium element, and if the re- 
mainder is greater than 152, 
beware! Such a nucleus will ex- 
plode in spontaneous fission, with 
«a shower of neutrons. Fermium 
256, a form of the new element 
100, is such an istope. 
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Microwatt Radioactive Devices 
Pioneer New Current Source 


Electricity From Radiation 


by E. G. Linper, P. RAPPAPORT AND J. J. LOFERSKI, 
y Jed 


Radio Corporation of America 
> THE DIRECT conversion of nu- 
clear radiation into electricity has 
recently attracted considerable at- 
tention, particularly during the 
past year with the increasing in- 
terest in peaceful uses of atomic 
energy. At the present time, judg- 
ing from available publications 
and reports, about a dozen re- 
search organizations in the United 
States have active projects in this 
field. It appears that the immedi- 
ate interest lies in the possible 
application of such a process to 
produce simple, compact and 
long-life power sources. However, 
as will be clear from later discus- 
sion, only very small amounts of 
power are feasible at the present 
time. 

It is intended to present a gen- 
eral survey of the various methods 
of direct conversion, by which is 
meant a one-step process of con- 
verting the radiation (from radio- 
active isotopes in the present 
case ) into electrical energy. Some 
of the more interesting and 
promising methods will be given 
specific attention, and the meth- 
ods which have been studied 
especially at the Radio Corpora- 
tion of America Laboratories will 
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be described in greater detail. 
The future prospects of the var- 
ious methods will be evaluated. 
In general, the aim will be to give 
an up-to-date picture of the direct 
conversion situation. 

The grand total of power avail- 
able from radioisotopes is limited 
by the supply of fission products 
produced mainly as by-products 
of nuclear reactors. It has been 
estimated that if all the present 
electrical power consumed in the 
United States were produced by 
nuclear reactors the annual out- 
put of radioactive waste would be 
sufficient for the production of 
power at the rate of 400,000,000 
watts, which represents only a 
few hundredths of 1% of the en- 
consumed in the country. 
This figure is further reduced be- 
the radioactive energy 
could not be converted into elec- 
trical energy with more than a 
few percent efficiency. In spite of 
these factors, the power which 
might be available is still a sub- 
stantial amount especially when 
it is compared to the total power 
supplied in the U. S. from the 
annual production of batteries 
which is approximately 2,000,000 


ergy 


cause 
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watts. It is also estimated that by 
1965 the U. S. output of fission 
products should be 6.1 x 106 
grams. This would correspond to 
3 x 10° curies, which would have 
a heat power level of 6.1 x 10° 
watts at age of one year. How- 
ever only a small fraction of this 
would be convertible to electricity 
by direct processes. It is evident 
from these estimates that fission 
products cannot be considered as 
a possible principal source of 
power, in fact their availability 
in large quantities is contingent 
upon the use of reactors as the 
principal source of commercial 
electric power. They should be 
considered rather as a_ possible 
auxiliary source of considerable 
magnitude, with a possible maxi- 
mum roughly equivalent to that 
produced by batteries at the pres- 
ent time. 

The types of radiation which 
are being worked on may be 
classified into two categories: 

(1) Charged radiation. 

(2) Uncharged radiation. 
Examples of charged radiation 
are: electrons or beta rays, alpha 
particles, ions, and fission partic- 
les. Examples of uncharged radi- 
ation are: X-rays, gamma rays, 
neutrons, and light also may be 
included if it is produced by 
some nuclear process. 

The most important source of 
charged radiation at the present 
time is radioactive material, which 
is available in the form of fission 
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products, as mentioned above, 
The most suitable type is beta 
radiation. As examples, two of the 
better known beta-emitting ma- 
terials, strontium-yttrium-90 and 
tritium, or hydrogen-3, may be 
cited. The former comprises about 
5 percent of the bulk radioactive 
material, the latter is produced in 
undisclosed quantity. 


Turning first to the direct 
charging methods, it has been 
seen that this is restricted to the 
conversion of the charged type of 
radiation only. It can produce 
high voltages readily (several 
thousand volts and up), and is 
capable of the highest efficiency 
of all methods discussed. How- 
ever, it possesses the disadvan- 
tages of low current and high in- 
ternal impedance which can be 
overcome only by the use of large 
amounts of radioactive material. 
At the present time, the cost of 
such material is far too great to 
permit its use in practical devices 
in the amounts that would be re- 
quired for this purpose. There 
seem to be a few special applica- 
tions, particularly in the instru- 
mentation field, (such as dosim- 
eters and radiation meters) 
where the power requirements are 
in the sub-microwatt region. In 
these applications direct charging 
devices especially of the dielectric 
film type may come into use in 
the immediate future. Except for 
such as these it does not seem 
likely that this type of device will 
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be of great practical interest until 
radioactive material becomes 
cheaper by several orders of mag- 
nitude than it is at the present 
time. 

The second method, namely the 
contact potential one, uses both 
types of radiation provided that 
the quantum energy exceeds that 
required to produce ion pairs in 
which is about 30 ev in 
general. Devices of this type pro- 
duce a fraction of a volt per cell, 
and about 10-° to 10-1° amperes 
(in models currently being in- 
vestigated). Hence the current 
and impedance are not in a very 
practical range. The cells appear 
to be quite sensitive to the surface 
condition of the electrodes. No 
data appear to have been publish- 
ed regarding possible radiation 
damage to these surfaces. The 
power conversion efficiency of this 
method is severely limited by the 
high energy cost per carrier pair 
produced. Possible present appli- 
cations are the same as those men- 
tioned for the direct 
method. 


gases, 


charging 


The third or thermocouple 
method, depends upon the de- 
velopment of heat and therefore 
is able to use all types of radia- 
tion. The devices are rugged, 
compact and of long life. Their 
only disadvantage appears to be 
their low power conversion effi- 
ciency. If further research could 
multiply this by a factor of 
ten or more, the thermocouple 
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method would likely move into 
the practical realm. 


The semiconductor method has 
attracted more attention than any 
of the others. It can be used to 
convert the energy of both types 
of radiation, including visible 
light, and is the basis of the so- 
called “atomic batteries” and “so- 
lar batteries”. With silicon, which 
is the best material found thus far, 
outputs of about one-half a volt 
are obtainable. The current is 
about 10 microamperes for a 0.3 
cm? unit when 50 millicuries of 
Sr-Y90 used. The best ob- 
served efficiency is 3 percent. 
However, the current should in- 
crease linearly and the efficiency 
logarithmically with power input. 
For example, if 7.5 curies of 100% 
radioactive Sr-Y90 were used, the 
power input would be 0.1 watts/ 
cm? and equivalent to that 
obtained from sunlight... . 


are 


It should be remembered how- 
ever, that operation at this level 
using silicon and Sr-Y90 would 
result in a very high rate of radia- 
tion damage. It would be feasible 
only if this difficulty were cir- 
cumvented. 


Finally, in regard to all types 
of power sources using radio- 
active material, there are several 
problems yet to be solved before 
such devices can be considered 
practical. These are related to: 

(1) The high cost of radio- 

active material, 
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(2) Radiation shielding, 
(3) Radiation damage, 

(4) Low efficiency. 

In regard to the cost, the more 
abundant and cheaper beta ma- 
terials include Sr-Y90 which is 
$500.00 per curie, and H3 which 
is $100.00 per curie. The most 
abundant and cheapest gamma 
material is Co60, which costs 
$50.00 per curie. U. S. Atomic 
Energy Commission facilities for 
the production of these materials 
are being enlarged, but vast re- 
ductions in cost will be necessary 
before practical applications will 
be possible for any power range 
greater than a few microwatts. 


As pointed out above, the 
shielding requirements for Sr-Y90 
are such that small-sized sources 
are not possible if the external 
radiation is to be held below 
the tolerance level. Low-quantum 
energy radiation seems to be the 
logical answer. 


The solution of the radiation 
damage problem seems to lie also 
in the use of low-quantum-energy 
radiation, that the damage 
threshold is not exceeded. Un- 
fortunately, there is not available 
at the present time an abundant, 
cheap, long-life material of this 
sort. In regard to the damage in 
the case of the semiconductor 
process, another solution would 
be the use of larger quantities of 
radioactive material, as has been 


so 


indicated above. And here again 
the problem of cost and avail- 
ability arises. 

Thus it appears that all the 
obstacles to a _ practical larger 
power source could be solved by 
the appearance of a radioactive 
material which was of low cost, 
had low quantum energy, and a 
suitable half-life. Among avail- 
able isotopes nickel-63 meets all 
these requirements except that of 
cost. It emits 0.063 mev_ beta 
radiation, and has a half-life of 
85 years, however the present A. 
E.C. price is $45.00 per millicurie. 
It is to be hoped that attention 
will be given to this and other 
materials in the same category. 

Until this ideal radioactive ma- 
terial is available it appears that 
commercial radioactive sources 
can be considered only for micro- 
watt applications. These might 
include radiation meters, dosim- 
eters, condenser chargers and 
leakage compensators, timing cir- 
cuits, current and voltage refer- 
ence sources, biasing units, simple 
transistorized equipment, etc. It 
is to be expected that the practical 
energy level for commercial ap- 
plications will gradually rise as 
the atomic energy industry de- 
velops and radioactive material 
becomes more plentiful. What the 
ultimate possibilities are for com- 
mercial applications at higher 
power levels can be clarified only 
by future developments. 


CHEMISTRY 


ee . . 

























Pe 


by 


pu 
en 
of 
ru 
he 
ly 

tu 
ing 
mi 
Su 
mi 
wl 
i) 


ha 


rat 


OS! 


SE 


XUM 









he 
rer 
by 
ive 
st, 
la 


| 
uil- 
all 
of 
eta 

} 


of 
A. 
rie. 
‘ion 
her 


ma- 
that 
ces 
cro- 
ight 
sim- 
and 
cir- 
eter- 
nple 
: - 
tical 
| ap- 
e as 
de- 
terial 
it the 
com- 
igher 
only 


(ISTRY 


Is There a Safe 
Permissible Dose? 


Modes of Radiation Injury 


by Austin M. Bruges, Argonne National Laboratory 


> THE SUCCESSFUL and economical 
pursuit of the benefits of atomic 
energy requires the establishment 
of safe, reasonable, and justifiable 
rules for the protection of the 
health of those who are potential- 
ly exposed to radiation. This in 
turn, requires a clear understand- 
ing of the many factors which 
may contribute to radiation injury. 
Such an understanding is helpful 
1) in considering the matter of 
maximum permissible dosage and 
what it means, and (2) in looking 
for agents which may protect or 
hasten recovery in persons who 
have been accidentally exposed to 
radiation to a dangerous degree. 
\s we shall see, these rather prac- 
tical questions lead us to research 
of a very basic nature, of which | 
can give an outstanding example. 
The very use of the term “permis- 
sible dose” carries with it the 
implication that there is a thresh- 
old below which no injury occurs, 
or at least no injury that is per- 
manently deleterious; there is at 
present no reason to believe that 
this implication is either wholly 
true or wholly untrue. 
If we may assume that the prop- 
osition is true (that is, that there 
is a threshold of absolute safety), 
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our task is still not simple, since 
this threshold must be ascertained 
by experimental studies which are 
indirect, and none of which yield 
more than a small part of the an- 
swer to our question. It is also 
quite possible (I would think 
probable ) that some of the effects 
of radiation have thresholds while 
others do not, so that considera- 
tion must be given to the several 
modes of injury which can occur. 

Another important reason for 
giving thought individually to the 
several modes of injury lies in the 
fact that supportive, preventive, 
or therapeutic measures may in 
some cases be directed at only a 
part of the radiation syndrome, 
while others may affect favorably 
the course of radiation injury in 
general. It is the purpose of this 
communication to discuss radia- 
tion injury in the light of these 
considerations. 
Radiation Syndrome 

When we think of radiation 
injury to the mammal and its ther- 
apy, we are inclined to give first 
thought to the “acute radiation 
syndrome” and its components. 
For the sake of simplicity, this 
can be defined as a state in which 
growth and regeneration of the 
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self-replenishing (“‘radiosensi- 
tive’) tissues are inhibited, in 
combination with death of cells. 
This type of damage, where suf- 
ficient in degree, leads to death 
of the total organism within a few 
days; while if this does not occur, 
repair and regeneration result in 
clinical recovery from the 


syn- 
drome. 


Bone Marrow Injury 

The most prominent role in this 
‘s usually assigned to the bone 
marrow. As a result of the failure 
of this tissue, the production of 
many of the formed elements in 
blood is interrupted with a result- 
ing agranulocytosis and lowering 
of the number of circulating blood 
platelets. Lack of platelets may be 
held responsible to a large extent 


for the bleeding tendency which 


often determines the fatal out- 
come and is thought to operate 
both through the relation of plate- 
lets to certain of the factors 
involved in blood coagulation and 
to their function in maintaining 
continuity of the walls of the cap- 
illaries. The granulocytes have 
been demonstrated in many ways 
to be essential to life and it is 
generally assumed that this is due 
in large part to their activity in 
maintaining a sterile internal en- 
vironment. These inferences seem 
justified on the one hand from the 
beneficial effect of platelet trans- 
fusions on the hemorrhagic ten- 
dency, and on the other hand by 
the fact that in different species 
99 


showing somewhat different he- 
matologic responses and diverse 
radiosensitivities, death in the 
“acute” period is more closely 
correlated with the degree of de- 
pression of the circulating granu- 
locytes than with any other 
clinical criterion. Studies on the 
prophylactic value of estrogen 
treatment in radiation sickness 
have shown that the time when 
this is effective is related to the 
time of maximal myeloid stimu- 
lation, and much further evidence 
has been accumulated confirming 
the critical importance of these 
cells in many species. 
Lymphocytes Fall 

The lymphocytes are, of course, 
also extremely sensitive to radia- 
tion, but their role in the develop- 
ment of the radiation syndrome 
is less clear, perhaps being related 
to immunological functions of 
these cells. Unlike the granulo- 
cytes, the lymphocytes fall almost 
immediately after radiation of the 
whole body to a level which is 
determined by the dose, and the 
relation between dose and lym- 
phocyte depression is markedly 
similar among the higher species, 
although recovery time shows 
considerable variation. Under 
properly controlled conditions the 
lymphocyte response may be a 
good biological dosimeter, but the 
natural variability of the normal 
level and the sensitivity of lym- 
phocytes to various stresses make 
this a criterion which is imprac- 
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tical from the clinical point of 
view. 


Another self-replenishing tissue 
which seems to be of importance 
is the mucosa of the gastrointes- 
tinal tract. A cessation of cellular 
multiplication in the crypts of the 
small intestine results, within a 
few days, in denudation of the 
mucosa and ulceration, which can 
contribute in several ways to the 
radiation syndrome. Where death 
is primarily of intestinal origin, it 
somewhat sooner than 
where the hematological insuffi- 
ciency is more prominent. Species 
vary in the relative intensities of 
these two responses; in fact, there 
is a marked difference between 
two species as closely related as 
the mouse and the rat. 


occurs 


loss of Hair 

Certain other changes which 
are not of a fatal nature appear 
to have a similar cellular basis: 
the loss of hair following irradia- 
tion, and temporary sterility. Also 
of interest is the greying of hair 
in pigmented animals, involving 
a specific injury to the pigment- 
forming cells. These responses are 
all connected with the nature of 
injury to growing tissue. Simple 
inhibition of mitotic growth is one 
of the factors involved but is not 
sufficient to explain the entire 
picture, since it is only temporary 
of the order of a day or less in 
the radiation dose range of inter- 
est). Other types of cell damage 
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include immediate or early death 
of resting cells, seen notably in 
lymphoid tissues, and injury to 
chromosomes, incurred at various 
times in the mitotic cycle, which 
may become manifest at a subse- 
quent cell division and lead to 
cell death. A striking example of 
this is the action of extremely 
high radiation dosage on the 
grasshopper during diapause; this 
results in no visible morphological 
change until the time when cell 
division normally would resume, 
at which time these apparently 
normal cells undergo widespread 
degeneration. While we lack evi- 
dence that will give a true picture 
of the extent of the influence of 
chromosome damage on _ the 
injury to the self-replenishing tis- 
sues, it is worth noting that 
radiation doses in the mammalian 
lethal range are sufficient to pro- 
duce one or more visible deleter- 
ious chromosomal effects per 
dividing cell. 
Temperature Dependence 

The cold-blooded vertebrates 
show a similar sequence of phys- 
iological changes following irra- 
diation, but the rate of their 
development is slower and is tem- 
perature-dependent. At 25°C the 
time-scale of hematologic changes 
and death is multiplied by a fac- 
tor of 3 in comparison with warm- 
blooded animals, while at 5°C 
a frog will live for many months 
without remarkable hematologic 
changes; however, when returned 
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to room temperature the usual 
syndrome appears. 

So far in this discussion we have 
referred in general to total-body 
irradiation by x or gamma rvys 
Total-body exposure to fast - 
trons ( which act primarily thr ugh 
the production of densely | mizing 
proton tracks) presents a more 
or less similar picture, but with 
two important differences: (1) the 
energy is four times as 
efficiently utilized in producing 
the effects mentioned, and (2) 
death, at least in mice, tends to 
occur several days earlier in what 
has been referred to as the “intes- 
tinal” period. Bacteremia and bac- 
terial invasion of organs occurs a 
few days before death in either 
case. If the two forms of radiation 
are combined, the deaths are split 
between the two periods, and it 
appears as if a certain small frac- 
tion of the gamma radiation is 
relatively ineffective: that is, the 
two are less than additive. The 
differences between the two lead 
to the inference that the radiation 
syndrome depends largely on a 
situation where the ionization ap- 
pears in dense tracks. This is 
borne out by the fact that neu- 
tron irradiation not lose 
effectiveness when the period of 
administration is spread out in 
time, which will receive further 
comment. 


about 


does 


One important problem in es- 
tablishing the true nature of acute 
radiation injury is that of distin- 
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guishing between specific changes 
and incidental ones. This applies 


p° “‘eularly to metabolic changes, 
"u»ss of appetite and of body 
we may very well fall in the 
cate orv of secondary changes; 


the rather remarkably radiosensi- 
tive function of iron incorporation 
into hemoglobin, depression in the 
formation and turnover of des- 
oxyribonucleic acid, and _ several 
other biochemical effects, may as 
far as the writer knows represent 
either direct action on enzymes 
or secondary phenomena. While 
remarkably sensitive effects on 
enzymes, notably those depend- 
ent on sulfhydryl groups, are seen 
in pure solution, they are much 
more difficult to establish under 
the protective influence of tissue 
constituents. 


Initial Response 

The initial response to radia- 
tion, which has long been known 
in the role of a nuisance in clinical 
radiation therapy, has not yet 
received a clear physiological defi- 
nition. In man and certain other 
species it is associated with nau- 
sea, vomiting, and depression, 
and at least a large component of 
it seems to be attributed to dis- 
turbances in the central or auto- 
nomic systems. In_ the 
rabbit, which is a species with a 
notoriously unstable peripheral 
circulation, the blood pressure 
falls during the first few hours 
after irradiation, and death in the 
first day is not uncommon. Recent 
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evidence indicates that hypogly- 
cemia and other physiological 
changes are contributory. In birds, 
early death frequently occurs if 
the lethal dose is administered o- 
ver a period of one to two hours or 
less, again associated with hypo- 
tension but also involving accum- 
ulation of uric acid in the kidney 
and blood stream owing to a 
metabolic peculiarity in nitrogen 
metabolism from which the mam- 
mal is exempt. 


Chronic Time-Patterns 

Subacute or chronic time-pat- 
total body irradiation 
result somewhat differently. In the 
first place, much larger total ra- 
diation doses may be accumula- 
ted, which has led to the obvious 
interpretation that a recovery 
factor that is, that those 
tissues that suffer most after the 
acute insult are able to maintain 
a steady state of sufficiency under 
the repetition of lower doses. The 
acute picture shifts to a subacute 
one where the daily dose is low- 
ered to something like one-tenth 
of the acutely lethal single dose 
At such levels it has been observ- 
ed that failure of the blood-form- 
ing rather 
suddenly after a long period of 
sufficiency, that the 
mechanism to which hematopoie- 
sis owes its recovery eventually 
is irreversibly damaged. During 
the subacute period, impairment 
of the formation of red blood cells 
becomes more obvious owing to 


terns of 


exists: 


organs may occur 


suggesting 
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the longer survival of red blood 
cells as opposed to white cells. 
The later deaths (after one 
month) appearing after a single 
dose likewise involve a degree of 
anemia which is not observed 
earlier. 

remarked earlier, the 
injured hematopoietic cells are 
eventually replenished through 
the activity of the stem cells, 
which eventually give rise to a 


As was 


recovered marrow; and the same 
type of replenishment from the 
earliest cells occurs in the male 
This seems to indicate 
that it is mitotic activity rather 
than immaturity or primitiveness 
that determines cellular radiosen- 
sitivity. It does appear, however, 
that these cells eventually lose 
their ability to replenish the tis- 
sue after continued 


gonads. 


irradiation. 
Leukemia and Lymphoma 

During the subacute period, 
leukemia and lymphoma are also 
a prominent part of the pathologic 
picture. This has been most note- 
worthy in the mouse, a species 
with a remarkable tendency to 
develop these diseases; but it also 
occurs to more moderate extent 
in other species, including man. 
Extensive experiments on the 
mouse have suggested that this 
phenomenon is related to the ex- 
istence of acute hematopoietic 
damage rather than to an effect 
on individual lymphoid organs. 
This incidently is a response 
which is limited in time (to less 
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than a year and a half in the 
mouse, although with a much 
longer latent period in man), and 
there is evidence indicating that 
spaced doses may be more effec- 
tive than an equivalent single 
dose. 

It is of some interest to note a 
difference which appears between 
those radiations which do and 
those which do not produce dense 
ionization tracks, in respect to the 
recovery factor. It has been well 
established that the recovery fac- 
tor is minimal or absent when fast 
neutrons administered over 
periods up to 24 hours, and there 
is further experimental evidence 
suggesting that this may be true 
over considerably longer periods. 


are 


Genetic Effects 

Genetic effects of radiation are 
characterized by the fact that no 
threshold is known, or substantial- 
ly suspected, to exist. It is obvious 
that these changes, which are sta- 
tistical in nature and remote in 
time, are unsuitable for simple, 
direct, experimental analysis, al- 
though this difficult task is being 
undertaken. Accordingly, there 
are wide divergences in the esti- 
mates which have been made 
employing extrapolations from 
simple organisms to the mammal. 
It has been of particular interest 
to consider the status of the re- 
cessive mutation which must wait 
for many generations until by co- 
incidence it meets another of the 
same type; and of the semi-lethal, 
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which is ordinarily known as just | sep: 
a statistical observation in lower | inc 
organisms. This problem must be | equ 
considered in the light of a great | fort 
many other factors which are | to 

partly or largely unknown. As an stat 
example, recent advances in med- | chr 


ical therapy must inevitably be | the 
responsible for increasing the | inc 
number of deleterious genes in | call 
the population, and when we con- | del 
sider that manifestation of these | has 
deleterious mutations may be de- | exp 
layed through a period of many | dia 
centuries on the scale of a human }| pg, 
population, it becomes clear to an | 
impartial observer that many oth- 










er equally unknown factors are a 
involved in consideration of the | de, 
subject. det 
Late Consequences nel 

The late consequences of acute | rel 
or chronic irradiation in terms of | in 
life span and specific pathologic | chi 
changes are worthy of much fur- | sin 
ther investigation. Those studies | tic 
that have been carried out up to | thi 
the present time have failed to | ce 
point out the existence of a thresh- | de 


old, but it is only fair to say that | sh 
no such studies have been feasible 
in the range of dosage that we 
consider as close to the permis- 
sible level. It also seems possible 
to say that, with a very few ex- 
ceptions, including subacute ef- 
fects, none of the late responses 
are in any general way specific: 
in other words, the life span is 
shortened, but when the several 
pathologic changes are considered 
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separately they all appear to be 
increased to an approximately 
equivalent degree, including the 
formation of tumors. This has led 
to the perhaps oversimplified 
statement that the basic effect of 
chronic irradiation is to increase 
the rate of natural aging. It may, 
incidentally, be illuminating to re- 
call that other potentially 
deleterious environmental hazard 
has received the same degree of 
experimental attention as has ra- 
diation damage. 


no 


Development of Cataracts 

In relation to delayed or chron- 
ic effects of radiation, special con- 
sideration has been given to the 
development of cataracts. The evi- 
dence is unequivocal that fast 
neutrons are still more effective, 
relative to x and gamma rays, than 
in the case of any other identified 
changes. It is tempting to suggest, 
since the lens of the eye is a prac- 


tically non-growing tissue, that 
this indicates an especial sus- 
ceptibility of resting cells to 


ionizing radiation. It 
should also be recalled that the 
lens, being a transparent organ, 
is a particularly sensitive indica- 
tor of a type of change that might 
easily escape notice elsewhere. 
The effects of relatively high 
radiation dosage in 


densely 


local 
have received a lesser degree of 
quantitative attention. The occur- 
rence of malignant tumors under 
such conditions is of particular 
importance. While not 


areas 


we do 
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know, at the present time, wheth- 
er a threshold exists for the pro- 
duction of tumors, I am going to 
propose that it does. It certainly 
is true that one seldom observes 
a significant degree of radiation 
carcinogenesis in tissues that have 
failed to manifest gross damage; 
and recent experimental evidence 
in all branches of the problem is 
strongly suggestive of the hy- 
pothesis that cancer develops 
through a chain of events rather 
than as a direct effect of a carcino- 
gen on the genic or extragenic 
material of a single cell. It has 
demonstrated that a 
given amount of local irradiation 
(in the case in point, irradiation 
of the skin by beta rays) is more 
efficiently utilized in tumor pro- 
duction if it acts diffusely than 
if it emanates from particulate 
sources. Thus, this problem in- 


also been 


volves many basic questions in the 
nature of carcinogenesis, namely, 
the interplay of the various car- 
cinogenic and cocarcinogenic fac- 
tors, the existence of a threshold, 
and dose-response relationships in 
general. 
Local Damage 

Other forms of local damage 
deserve comment. Those 
require a considerably higher ra- 
diation dose than that which has 
been discussed in relation to total 
body irradiation. Radiation of the 
entire abdominal region requires 
about twice the dose for killing 
that is required if administered to 


some 
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the whole body. A slightly higher 
dose to the head or to the oral 
cavity alone is lethal; a large 
component in this appears to be 
anorexia. Local irradiation of the 
brain is effective in causing nec- 
rosis only after a latent period of 
several months. 

It is in irradiation by absorbed 
isotopes that we sometimes see 
the most clear-cut example of 
damage to specific tissues. Since 
the majority of fission products 
are deposited in bone (either im- 
mediately in the case of the alka- 
line earths or by translocation in 
the case of the rare earths and a 
number of the metals) a great 
deal has been learned about the 
effects of this type of irradiation. 
It is characterized, in addition to 
a degree of injury to bone marrow 
determined by the local radiation 
dose, by slowly developing areas 
of aseptic necrosis. It is in these 
usually, that malignant 
tumors develop. It will be of in- 
terest that the same type of late 
response has been observed where 
(as with radium radiostron- 
tium) the radiation is delivered 
continuously over a long period 
of time, or where (as with radio- 
phosphorus) the period of insult 
is relatively short. 


areas, 


or 


Irradiation of Skin 

Irradiation skin, which is 
most efficiently carried out by the 
use of external beta rays, results 
in erythema in the first few hours, 
followed by later waves of erythe- 
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ma and a hyperplastic response. 
In this, as in the case of other 


tissues and tumors, the cells 
whose division is inhibited in- 
crease in size, indicating that 


their growth has not been affected 
for some period of time. A rather 
immediate swelling of irradiated 
cells with vacuolation, is also ob- 
served and is probably indepen- 


dent in nature. A sufficiently high | 


dose of radiation to the skin re- 
sults in a lesion with effects simi- 


lar to a thermal burn, but more | 


prolonged and with greater end- 
effects. 


Effect on Embryos 

Irradiation of embryos at vari- 
ous stages of their development 
reveals the interesting fact that 
particular areas or tissues are in- 
jured at highly specific times in 
embryogenesis. It does not seem 
quite clear whether this can be 
accounted for by damage to 
dividing cells alone, or whether it 
involves an effect on the process 
of tissue differentiation. There is 
some evidence from experiments 
on lower forms suggesting that 
differentiation may be even more 
radiosensitive than cell division. 

Finally, a little thought ought 
to be given to the several modes 
of protection or therapy that have 
been proposed. The type of pro- 
tection which is related to the 
immediate biochemical effects of 
radiation, for example sulfhydryl 
compounds and other materials 
such as electron donors which 
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may act through reducing the 
probability that radiation will af- 
fect sensitive materials, is usually 
generalized in its effect. Certain 
plasma protein fractions may not 
be delivered to all of the sensitive 
sites and accordingly may be 
more selective. Thus, while cys- 
teine against cataracts, 
plasma globulin does not. Protec- 
tion against chronic damage fol- 
lowing acute irradiation 
however, not received the degree 
of attention it should. 

Rats protected by anoxia during 
the irradiation period, for 
ample, show a degree of vascular 


protects 


has, 


€X- 


disease in the subacute period 
that seems not to be attributable 
to either insult alone. 

The bulk of experimental evi- 
available at the present 
time indicates that those agents 
that promote hematopoietic _re- 
covery, namely, shielding of 
spleen or bone marrow or injec- 
tion of related substances, protect 


lence 


wainst acute hematologic death 
ind against leukemia but are in- 
effective against other delayed 
changes that are more specific and 
local in their nature. 


Microorganisms 

Time has not been sufficient to 
liscuss a number of other bio- 
logical effects which 
study. Irradiation of microorgan- 
and of the higher plants 
reveals many interesting funda- 
mental facts. In the case of bac- 
teria one generally thinks in terms 


deserve 


isms 
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of “genetic” effects; it might be 
remembered, in giving thought to 
this, that the criterion of killing 
bacteria as used in experimental 
studies is often one of rendering 
them incapable of further multi- 
plication. Damage to the higher 
plants can sometimes be attrib- 
uted to injury to dividing cells, 
but the rather wide range in 
sensitivities plants 
gests that further attention to this 
subject will be fruitful. One of 
the more radiosensitive metabolic 
systems in nature appears to be 
formation of auxin. 


among sug- 


Difficult Question 

This discussion has necessarily 
been largely of a descriptive na- 
ture. As was remarked previously, 
the question of permissible dose 
is a very difficult one to approach 
experimentally, and the best that 
it is ordinarily possible to do is to 
the best available experi- 
mental and clinical data and then 
utilize a factor of safety to en- 


use 


compass our assumed ignorance. 
In the matter of human injury by 
radium we have the most satis- 
factory clinical data, yet 
here there are still uncertainties 
that leave a factor of at least five 
to be accounted for. While three- 
tenths roentgen per week is con- 
sidered a safe total-body dose of 
the mouse, rather 
develops ovarian tu- 
mors at less than three times this 
rate (0.11 roentgen per day), 
through a mechanism that has not 


even 


x-irradiation, 
uniquely, 
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been observed in other species. 
The evidence is very clear that, 
as in leukemia in the mouse, the 
action is not direct on the ovarian 
cells, but operates indirectly 
through an endocrine imbalance; 
and it has lately been discovered 
that other endocrine anomalies 
leading to neoplasia also occur. 
This mode of injurious action sug- 
gests many other experimental 
approaches. 

On the whole, it would appear 
that the permissible levels now 
employed for total-body irradia- 
tion are justifiable, but that some 
of the considerations where only 
a part of the body is involved may 
be too conservative. Very large 
radiation have been de- 
livered to the thyroid by the use 


doses 


of radioiodine without other than 
therapeutic results. When we con- 
sider the extent to which other 
environmental hazards, notably 
carcinogens, are permitted to ex- 
ist, it seems that those responsible 
for atomic energy regulations in 
the various countries have given 
a degree of attention to these 
problems and have achieved a de- 
gree of success of which we may 
be proud. 

In summary, many modes of ra- 
diation damage must be consider- 
ed in relation to prophylaxis and 
therapy of radiation injury, and to 
permissible dosage. In sharpen. 
ing our knowledge of these, we 
find ourselves developing valu- 
able basic research in all of the 
life sciences. 


Russtan Chemical Pioneer 


> Russian claim for chemical pri- 
ority for A. M. Butlerov in the 
field of organic theory is support- 
ed by Dr. Henry M. Leicester of 
the College of Physicians and 
Surgeons, San Francisco. Butlerov 
was a subject of the Russian em- 
pire who contributed to the theo- 
ry of organic chemistry in the 
period of 1850 to 1870. 
Addressing the American Chem- 
ical Society's division of the his- 
tory of chemistry, Dr. Leicester 
showed that the work of the 
Russian chemist clarified the idea 


that a definite formula can be 
written representing each chemi- 
cal compound. This made clear 
the fact that the same number of 
atoms in a complex substance 
may be arranged in different ways 
to produce different chemicals. 
Too little credit, Dr. Leicester 
said, has been given Butlerov for 
what he actually did. It is not 


necessary to denounce such a 
modern idea as resonance be- 
cause it was not foreseen in 


Butlerov’s work. 
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Earliest Tracer Research 
Described by a Veteran 


Radioactive Tracers 


by G. HEvEsy 


> THE EARLY ROOTS of the method 
of radioactive tracers, of radio- 
active indicators, go back to the 
Physics Department of the Uni- 
versity of Manchester which was 
under the inspiring leadership of 
Lord, then Professor Ernest Ruth- 
erford. Quite shortly prior to em- 
barking on studies which led him 
to his discovery of the nucleus of 
the atom, Rutherford was greatly 
interested the properties of 
radiation emitted by a number of 
radioactive bodies, inclusively ra- 
dium D, and was anxious to come 


in 


into possession of a strongly ac- 
tive sample of this radioelement. 
Radium D is a disintegration pro- 
duct of of 
radon and can be obtained from 
glass tubes in which radium ema- 
nation was kept and in which it 
decayed. Such radon containing 


radium emanation 


tubes were much used in cancer 
therapy. 

A much more abundant source 
of radium D are the high amounts 
lead obtained when purifying 
uranium ores. 

In those days, the only uranium 
mine was that of Joachimsthal in 
Bohemia, owned by the Imperial 
Austrian Government. The 
trian Government showed 


Aus- 
great 
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towards scientists en- 
gaged in the study of radioactivi- 
ty. It presented Pierre and Marie 
Curie with a railway carload of 
pitchblende, enabling them to 
isolate radium shortly after their 
discovery of this element. All 
work carried out with radium by 
Rutherford and his school had to 
be done with a radium sample 
lent by the Austrian Government 
which presented also Rutherford 
with many hundreds of kilograms 
of lead chloride prepared from 
pitchblende containing the pre- 
cious radium D_ which 
useless, however, due to its con- 
tamination with very 
mounts of lead. 

One day in 1911, when I met 
Rutherford in the basement of 
his institute, where the lead chlo- 
ride was stored, he addressed me 
in his usual unconventional way, 
telling me that if I were worth 
my salt I should separate radium 
D from all that disturbing lead. 
I was then a young man, and 
those are optimists, and did not 
doubt for a moment that I would 
succeed. I failed entirely and had 
to conclude correspondingly, that 
radium D and lead belong to the 
group of “practically inseparable 


generosity 


was 


large a- 
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substances”, as such bodies were 
called prior to the coining of the 
word isotope which was of later 
date. Since my extended separa- 
tion attempts were a total failure, 
I tried to find consolation in the 
possibility of labeling lead by 
adding pure radium D prepared 
from emanation tubes to a known 
amount of lead, and tracing the 
path of lead atoms by means of 
radioactive measurements. 


institute which in 
those days disposed of large a- 
mounts of radium emanation, and 
thus of radium D, was the Vienna 
Institute of Radium Research; 
this fact induced me late in 1912 
to take to Vienna, where I was 
fortunate enough to meet Dr. 
Paneth, an assistant to this Insti- 
tute, who carried out as extensive 
experiments as I did to separate 
radium D from lead, and who 
received the same negative re- 
sults. We associated in the per- 
formance of 


The only 


tracer experiments 
with radioactive lead and _ bis- 
muth. Radioactive tracers were 
for the first time applied early in 
1913 to the determination of the 
solubility of sparingly soluble 
salts as lead sulfide and lead chro- 
mate in water, using radium D as 
an indicator of lead. These ex- 
periments were soon followed by 
numerous applications of radio- 
active lead and bismuth isotopes 
as tracers in the study of prob- 
lems of inorganic and _ physical 
chemistry. A study of the laws of 
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electrochemistry at very low con- 
centration of lead and_ bismuth 
ions was carried out. The inter- 
action of atoms of metallic lead 
and lead ions contained in the 
metal surrounding aqueous solu- 
tion and the interaction between 
the ions of the solution in which 
they were immersed were inves- 
tigated. 

When, almost a century ago, 
Maxwell was faced with the task 
to calculate the rate of diffusion 
of gaseous oxygen into gaseous 
nitrogen, he made the assump- 
tion — to simplify the calculation 

that size and mass of the ni- 
trogen and oxygen molecule are 
identical, calculating thus the dif- 
fusion rate of oxygen into oxygen 
which he called “self-diffusion”. 
The possibility of labeling lead 
enabled us to turn this mathemat- 
ical fiction into a reality and to 
measure the self-diffusion both in 
liquid and solid metallic lead and 
lead compounds. Very numerous 
and extended studies on self-dif- 
fusion and diffusion in solids were 
made in the later years, when 
radioactive isotopes of almost 
every element became available, 
and these studies widely enlarged 
our knowledge of the solid state 
of matter. 

\ few years later, Paneth, mak- 
ing use of labeled lead and bis- 
muth, discovered the existence of 
volatiie hydrides of these ele- 
ments and also the existence of 
free radicals, and in _ this 
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obtained advances of great im- 
portance. 

By means of isotopic indicators 
we can trace the path of atoms 
and molecules. Their path being 
most intricate in the living organ- 
isms, radioactive tracers found 
far the most extensive application 
in life sciences. The first applica- 
tion of radioactive tracers to 
biology was the study of the up- 
take of lead labeled by 
addition ot its radioactive isotope 
thorium B, prepared from radio- 
thorium isolated from thorium 
containing minerals. Not only the 
path of lead in the plant was fol- 
lowed by radioactive measure- 
ments, but it was also studied to 
what extent and at what speed 
lead ions are released by the 
plant when placing it in a culture 
solution containing inactive lead 
salts. Thus it was possible to dis- 
tinguish between lead ions taken 
up by the plant at different dates 
or from different sources. When, 
a quarter of a century later, 
radioactive phosphorus became 
available, such a possibility prov- 
ed to be of great importance to 
agriculture. It was now possible, 
for example, to distinguish be- 
tween phosphorus taken up by 
barley, from fertilizers added to 
the soil and from the soil prop- 
er... 


ions 


From the numerous ap- 
plications of radioactive tracers 
in agriculture and botanics I wish 
to mention just one the 


very 


more, 
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tracing of the path of atoms of 
pollen in fertilized seed. 

Pollen labeled with P*? can be 
easily obtained by placing, for 
example, an aspen branch short- 
ly before pollen formation into 
water containing radioactive 
phosphate. The radioactive phos- 
phate diffuses into the branch 
and participates in the forma- 
tion of the polen. Active pollen, 
emitting several beta - particles 
per microgram, were obtained 
in experiments carried out in 
Stockholm after keeping an aspen 
branch for 7 days in a solution 
containing 1 mC of P#®?. Even 
the preformed leaves took up an 
appreciable amount of P*?. 

Female aspen were fertilized 
with the labeled pollen. The fruits 
were collected three weeks later 
and the radioactivity of a known 
number of seeds compared with 
that of a known number of pollen. 
One seed was found to contain 
the labeled phosphorus atoms of 
8 and 9 pollen grains. At first 
sight, this is a puzzling result, 
since the formation of a seed re- 
quires one fertilizing pollen only, 
just as in the animal organism the 
fertilization of an egg requires 
one sperm. However, in the ani- 
mal organism, not only the atoms 
of the fertilizing sperm may par- 
ticipate in the formation of the 
offspring but also those of many 
million more sperms; the very 
numerous sperms which did not 
participate in the fertilizing pro- 
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cess are degraded in the female 
organism, reach the circulation, 
and have an opportunity of partic- 
ipating in the formation of the 
fetus. In a similar way, as the 
above mentioned results demon- 
strate, also atoms of pollen which 
do not participate in the fertiliz- 
ing process may contribute to the 
formation of the seed. 

The tracing of the path of an- 
cestral atoms through different 
generations is a fascinating task. 
A fraction of maternal atoms, 
much varying from element to 
element, is replaced by atoms 
taken up by the food and excreted 
before the offspring is born; an- 
other fraction, though present, 
may be prevented from taking 
part in building up the offspring. 
By applying radioactive tracers 
the size of these fractions can be 
determined. 

In the extracellular fluid of a 
human subject weighing 80 kg, 
about 55 ¢ of sodium circulate. 
If we administer radioactive so- 
dium of negligible weight, the 
circulating sodium will be almost 
momentarily labeled uniformly. 
We find 4 per cent of the activity 
administered to be excreted in the 
course of the first day and can 
thus conclude that 4 per cent of 
all the circulating sodium left the 
organism as well and was replac- 
ed by food sodium. Half of the 
sodium atoms present at the start 
of the experiment are lost in the 
course of about a fortnight. The 


body contains about 30 g of cell.) acti 
ular sodium as well, and these! of | 
sodium atoms are longer presery-} per 


ed than the circulating sodium. pha 
10 ¢ being deeply imbedded jn} stil! 
the mineral frame of the skeleton) cat 
and almost quantitatively retain. } of | 
ed during life. l 





It was the subject of the first | the 
investigation carried out in Co-}| ™* 
penhagen, very shortly after Joli- 5 
ot-Curie’s fundamental discovery } to 
of artificial radioactivity, with art- | ph 
ificially radioactive tracers to de-} iD 
termine if and to what extent the | Po 


atoms of the mineral frame of the 
fully grown skeleton are replace- 
able, or renewable. It was found 
that, a few minutes only after 
introducing labeled phosphate in- 
to the circulation, thus labeling 
the plasma phosphate, P*? is 
located in the skeleton of the rat. 
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In recent years, the technique i 
Sil 


of autoradiography has made 
great advances and the rapid up- 





take of P®2 by the bone tissue | P" 
could also be demonstrated by | “ 
this method. . . of 
If all skeleton phosphate were | “ 
replaced by plasma phosphate | ™ 
in time, we ought to find 1 mg . 

of skeleton phosphate to have the 
same radioactivity as 1 mg of | P 
plasma phosphate. This is far | % 
from being the case. In experi- sh 
ments in which the radioactivity | 
of the plasma phosphate of the | P 
rabbit was kept at a constant | ‘% 
level by daily repeated injections, | " 
after the lapse of 50 days the | ¢ 
Cuemistry | 5 
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activity of 1 mg of the phosphate 
of the soft bone reached only 30 
per cent of that of plasma phos- 
phate, and that of the hard bones 
still less, the result obtained indi- 
cating that through the lifetime 
of the rabbit not more than about 
\, of the mineral constituents of 
the skeleton is accessible to re- 
newal, 


Similar considerations permit us 
to determine to what extent the 
phosphorus atoms _ incorporated 
in the numerous phosphorus com- 
pounds present in the living or- 
ganism are replaced, thus the rate 
of renewal of these types of mol- 
ecules. The determination of the 
turnover rate of such compounds 
was the subject of many hundreds 
While half of 


the terminal phosphorus atoms of 
the ATP molecule are renewed in 


of investigations. 


the course of seconds only, a very 
slight renewal of the phosphorus 
into DNA 


present in the nervous system, for 


itoms incorporated 
example, is observed in the course 
of a month. The molecules of oth- 
er phosphorus compounds present 
in the body are renewed at an 
intermediate rate. 

In the body, much harassed 
phosphorus and also other types 
of atoms find a safe abode in the 
skeleton only. Some of the miner- 
al constituents of the skeleton, a 
part of the bone apatite is dis- 
solved by plasma of lymph and 
new apatite is crystallized from 
these liquid phases. In this pro- 
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cess only part of the mineral 
frame is involved, the rest have 
no opportunity to get into con- 
tact with the solvent or do not 
avail themselves of this oppor- 
tunity. Due to this fact, we can- 
not label through and _ through 
a fully grown organism. We can, 
however, obtain throughout Izbel- 
ed animals by administering la- 
beled food to the mother, a 
procedure which results in the 
formation of throughout labeled 
offspring. To pregnant mice we 
fed food containing radioactive 
calcium with the result that a 
litter of mice was obtained which 
contained — even in their skeleton 

labeled calcium only. All mem- 
bers of a litter having about the 
same calcium content. By 
ficing the different members of 
the litter, shifted after birth to an 
inactive foster mother, at various 
dates within an interval of a year 
two, obtain information 
about the percentage of the ma- 
ternal calcium conserved in the 
animal during lifetime. Half of 
the maternal calcium atoms are 
preserved during the life of the 
mouse. 99 per cent of the body 
calcium are present in the skele- 
ton, and a large share of these 
99 per cent is to be found in the 
inaccessible part of the 
apatite. 


sacri- 


or we 


bone 


If we continue feeding the lit- 
ter on radioactive food after birth 
until it reaches about 100 days 


and sacrifice different members 
































































































































































































at different dates, we find that in 
the course of a year or two, thus 
almost through life, 33 per cent, 
ie. 1% of the labeled calcium 
atoms of the skeleton are lost, the 
rest being incorporated into the 
inaccessible parts of the skeleton. 

Out of the atomic heritage of 
the mouse about 149, goes over 
to the offspring and, as this is the 
case for each following genera- 
tion, we arrive at the result that 
the eleventh generation of mice 
does not contain a single ances- 
tral calcium atom, a result which 
demonstrates beautifully the 
known fact that heredity does not 
involve atomic kinship. 

While we can locate ancestral 
calcium atoms in the tenth gen- 
eration of the mouse, half of the 
water molecules of the mouse are 
replaced by water molecules 
taken up by the animal in the 
course of 2.5 days, and after the 
lapse of 159 days no maternal 
water molecule is any 
present in the animal. 


longer 


For many years after the dis- 
covery of artificial radioactivity, 
radioactive hydrogen, tritium, 
was not available and such ex- 
periments were carried out with 
heavy water as an indicator. Trit- 
ium, however, is a very much 
more sensitive tracer than deuter- 
ium. We can dilute 1 millimol of 
tritium 1012 times or more and 
still ascertain its presence, while 
the presence of deuterium cannot 
longer be detected after a 106 
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times dilution. With tritium-la- 
beled water the replacement of 
labeled body water molecules 
through inactive ones could be 
followed for a very long time with 
the result that after many days 
a three-day interval does not suf- 


fice to replace half of the water | 


molecules of the mouse. 

This result is to be interpreted 
in the following way. In the 
course of the experiment a minor 
part of the labeled hydrogen 
atoms of the water is incorporated 
at a low rate into organic com- 
pounds of the body and is cor- 
respondingly released at a low 
rate in a later phase of the experi- 
ment, forming labeled water mol- 
ecules, originally present in the 
body, by inactive water molecules, 
these resurrected water molecules 
—when resurrecting they found a 
new oxygen partner—make them- 
selves noticeable and are respon- 
sible for the fact that 1/100,000 of 
the administered tritum is pres- 
ent in the mouse as water even 
after the lapse of 280 days. 

That hydrogen atoms of the 
body water can be incorporated 
into organic compounds as, for 
example, into fatty acids, was al- 
ready observed in Schoenheimer 
and Rittenberg’s classical investi- 
gation using deuterium as a trac- 
er. Though deuterium found a 
most useful application in very 
numerous studies, the availability 
of a radioactive hydrogen isotope 
was a great advance in view of 
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itt much greater sensitivity, and 
also because it can be more con- 
veniently determined than deu- 
terium. 

In early days after the dis- 
covery of artificial radioactivity, 
radioactive tracers were prepared 
under the action of neutrons emit- 
ted by mixtures of radium and 
beryllium. By disposing of 1 g of 
radium a few microcuries of P*? 
of high specific activity and a few 
other radioactive isotopes could be 
prepared. The application of a cy- 
clotron to the same purpose a few 
years later was an immense ad- 
vance. From then on it was pos- 
sible to obtain 10° times more 
active preparations than by using 
neutrons emitted by radium- 
beryllium mixtures; also radio- 
active isotopes of the great major- 
ity of elements became available 
for tracer work. For those investi- 
who applied naturally 
radioactive isotopes as indicators 
at an early date, the discovery of 
Frederic and Irene Joliot-Curie 
opened a fairyland, the size of 
which was immensely enlarged 
by Ernest construc- 
tion of the cyclotron. Not only 
did the cyclotron prepare radio- 
active substances of prodigious 
activities, they were also with the 
greatest generosity put at the dis- 
posal of those working with these 
new tracers by Dr. Ernest Law- 
rence. 


gators 


Lawrence's 


The next great advance was the 
construction of the pile. Radio- 
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active isotopes of almost every 
element and of prodigious activ- 
ity became available and among 
them tritium and C14 which 
could not formerly be supplied. 
Radiocarbon found a most ex- 
tended application to metabolic 
and related studies, as well as to 
dating investigations, due to the 
ingenious discovery of Libby. I 
just want to mention one of these 
which, though possibly not the 
most important, is a 
structive one. 


very in- 

Chaikoff and his colleagues in- 
jected into the circulation of the 
rat glucose containing C14 of 
negligible weight, thus labeling 
the circulating glucose of the 
blood. By determining the radio- 
activity of 1 mg of glucose se- 
cured from the blood at different 
time intervals they could follow 
the speed at which these glucose 
molecules which had been pres- 
ent, at the start of the experi- 
ment, left the circulation. By col- 
lecting the CO. exhaled and de- 
termining its radioactivity they 
could, furthermore, follow the 
rate at which the carbon of these 
glucose molecules was conver- 
ted into CO,. Half of the glu- 
cose molecules present at the 
start of the experiment was not 
longer in the circulation after the 
lapse of 70 min. 

The exhalatory air is found to 
be radioactive a few minutes after 
injecting labeled glucose. More 

-~and more being burnt, the ac- 


37 





tivity of the air increases for the 
first 34 hours, whereafter it de- 
clines hand in hand with the 
radioactivity of the blood. From 
the data obtained it follows that 
45 per cent of the CO. exhaled 
by the rat originate from the 
burning of glucose, the residual 
55 per cent from that of fats and 
other body constituents. 


lons of sodium, potassium, 
chlorine, phosphate and so on, 
present in the blood plasma, are 
replaced by extravascular ions at 
a very much more rapid rate than 
glucose. Half of the sodium ions 
present in the plasma leaves the 
circulation in the course of 1 or 
2 minutes. The very great rapidity 
with which these and also many 
other types of ions interchange 
was only revealed when radio- 
active tracers became available. 
On the other hand, it takes sev- 
eral days for proteins to be half 
replaced. Many hundreds of 
studies deal with the turnover of 
the constituents of blood plasma. 

Very beautiful results were ob- 
tained in the study of the turn- 
over of the circulating plasma ion, 
a problem of great importance for 
medical diagnosis, usually, mi- 
nute amounts of iron are taken up 
from the food. The study of this 
uptake was immensely facilitated 
by using radioiron as a_ tracer. 
Paul Hahn, Whippel and _ their 
colleagues demonstrated, shortly 
after cyclotron-prepared iron be- 
came available, that the uptake of 
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iron from the intestinal tract is 
governed mainly by the iron want 
of the body. Tedious chemical 
analysis could be replaced by 
feeding labeled iron and deter- 
mining after the lapse of several 
days the radioactivity of red 
corpuscles, in which most of the 
iron taken up by the body con- 


centrates with time. Later, John | 


Lawrence and his colleagues, and 
numerous others, studied the rate 
at which labeled iron atoms pres- 
ent in the plasma leave the cir- 
culation and are replaced by 
from various or- 
gans and, to a minor extent, from 
the food. Of the about 4 mg iron 
present in the human _ blood 
plasma half is no longer to be 
found in the circulation after the 
lapse of 90 minutes. Slightly more 
than half, thus about daily 18 mg, 
is taking its way into the marrow, 
to be utilized for the formation of 
hemoglobin of the red corpuscles, 
while the other half is taken up 
by the liver and other organs. ... 


others coming 


A very effective way to inter- 
tere with hemoglobin formation 
and thus with the path of the cir- 
culating plasma iron is exposure 
to ionizing radiation. This inter- 
feres with the formation of new 
marrow cells and may destroy 
even those already present. The 
milieu in which hemoglobin is 
laid down being now absent, 
hemoglobin formation and utiliza- 
tion of iron for this purpose cease. 

That irradiation interferes with 
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the formation of desoxyribo-nu- 
cleic acid was first demonstrated 
when radiophosphorus, and also 
radiocarbon, were used as tracers. 
It was also found that this inter- 
ference is highly specific; syn- 
thesis of proteins, for example, 
continues in the exposed tissue. 
When, for example, a marrow 
cell, in which the formation of 
other constituents continues after 
exposure, not however, that of 
DNA formation, recovers its syn- 
thetizing capacity later on and 
divides, the division can easily 
become fatal, leading to the death 
of the marrow cells. 


Radioactive tracers cannot only 
be administered to the organism, 
they can also be produced in situ 
by exposure to neutrons. The 
stable arsenium present in the 
body can, with a comparatively 
good yield, be turned into radio- 
arsenium. After poisoning with 
wsenic an appreciable part of 
senium concentrates in the hair 
and remains in it. By cutting in 
bits the hair of a victim of such a 
poisoning, exposed previously to 
irradiation with neutrons, and de- 
termining whether the hair sam- 
ple is radioactive or not, we can 
~as the growth rate of hair is 
known—determine at which date 
the poison was administered. 
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witha 


In view of the very numerous 
applications of radioactive iso- 
topes in metabolic and related 
studies, many of which are highly 


fascinating, one is tempted to 
discuss many more of them. I 
have, however, to restrict my- 


self to the description of very 
few examples. 

Beside the easy availability of 
radioactive tracers, their very ex- 
tended application is to a large 
extent due to the great con- 
venience with which radioactive 
measurements can be carried out 
and which competes with the 
easiest procedures of analytical 
chemistry. 


Among all radioactive tracers, 
C14 has found the most extended 
application. Due to the pro- 
digious efficiency of the USS., 
British and Canadian piles many 
hundreds of labeled carbon com- 
pounds are at the disposal of 
workers in this field. Results of 
greatest importance for biochem- 
istry and physiology were ob- 
tained by using pile-made C!+. 
The most fascinating experiments 
with C!+ were, however, carried 
out with C14 found in Nature ap- 
plied by Dr. Libby in his beauti- 
ful dating studies. 





Many Types of Reactors 
To Suit Varying Purposes 


Report on Research Reactors 
Part 1. 


by L. Kowarsk1 


Commissariat a [Energie Atomique, Paris and European Organization 
for Nuclear Research, Geneva, (Report from UNESCO.) 


> A RESEARCH reactor may be de- 
fined as one which has been built 
for the purpose of gaining in- 
formation, rather than for produc- 
ing useful energy or transmuted 
substances. The information 
sought may be totally extraneous 
to the reactor itself, or to reactor 
technology; the reactor then 
serves as a tool and a source of 
radiations (chiefly neutrons). Or 
it may be used as an object of 
research; a line is to be drawn 
here between research and ad- 
vanced development in the pre- 
production stage; some pilot ver- 
sions of industrial reactors, al- 
though—strictly speaking—of a 
mainly informative interest, are 
too closely connected with pro- 
duction programmes to be con- 
sidered as research reactors. 
Whether tools or objects, re- 
actors built for research may also 
be used for demonstration or 
training purposes, in accordance 
with the traditional connection 
between higher teaching and or- 
iginal research. Experience also 
shows that a reactor built pri- 
marily for research may become 
quite useful to a research institu- 
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small-scale producer 
may contribute to 
research activities by producing 
moderate quantities of radioactive 
material for local consumption. 


tion in a 
capacity: it 


Users of Reactors 

A tool of such uncommon versa- 
tility may be found of interest to 
a wide variety of institutions. We 
may mention: 

1) Science faculties, in which 
both the basic teaching of funda- 
mental science (physics, chemis- 
try, biology), and graduate work 
on original research subjects are 
taking place. 

2) Medical schools, chiefly for 
radiobiology and for radioactive 
tracers used in graduate work. 

3) Technological schools and 
faculties, both for teaching and 
graduate work. 


{) Institutes and schools spe- 
cialized in nuclear science and 
technology. (This category is 
likely to develop in the near 
future. ) 

5) Government research estab- 
lishments exploring the advanced 
regions of nuclear science in view 
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of both civilian and military ap- 
plications. 

6) Research establishments 
connected with power production 
general-purpose net- 
works; in the future: railways, in- 
dustrial combines ete. ) 


electrical 


7) Testing stations (mostly 
governmental) of the Bureau of 


Standards type. 


(They may useful 


services for other institutions en- 


perform 


gaged in reactor work, by carry- 
radioactive 

tests and 
involving 


ing out calibrations, 
purity 
methods 
try. ) 

8) acting 
frequently as suppliers to other 
institutions shall probably 
see the development of special- 
ized radioisotope stations, similar 
to the present Isotope Divisions of 
Oak Ridge or the Commissariat a 


analyses by 


radiochemis- 


Research _ institutes 


( we 


[Energie Atomique, and equip- 
ped for local supply of fairly 
short-lived . isotopes; the supply 
function will develop from the 
station’s own activities, 
Institut Pasteur). 
irradiation facilities 
institutions may 
considered as a supply service. 


9) Industrial institutes of ap- 
plied research (metallurgy, cer- 
amics, food, drugs, plastics ete.— 
a very quickly developed cate- 
gory ). 


research 
Provi- 
for 
also be 


as in 
of 


outside 


sion 


10) Hospitals (diagnosis with 
the help of tracers and radiations; 
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therapeutical possibilities as yet 
in their bare beginnings, but 
quick development may be ex- 
pected to take place. Many hos- 
pitals are teday in possession of 
nuclear accelerating machinery 
such betatrons linear ac- 
celerators; a reactor is potentially 
as useful as any of these ). 

It will be found that categories 
t, 5 and 6 will tend to install re- 
search reactors of the most power- 
ful and expensive types, whereas 
for most purposes of interest to 
the other categories, the medium- 
sized and priced reactors develop- 
ed during the last few vears will 
be quite adequate. 


as or 


Choice of Subjects 

The choice of research subjects 
in connection with which a given 
reactor will be used will depend 
both on the character of the in- 
stitution and on the type of the 
reactor. The present report may 
be of some help in reaching the 
very preliminary decisions rele- 
vant to a _ reactor project, ie. 
whether a given institution should 
go in the reactor field at all, and if 
so, what type of reactor would be 
best suited to its aims and re- 
sources. For such a_ preliminary 
survey we think it useful to give 
a fairly comprehensive list of pos- 
sible research subjects. Since new 
ways of using a reactor for re- 
search purposes are invented and 
tested, so to speak, every day, 
this list should not be considered 
as exhaustive. It is however diver- 
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sified enough to necessitate some 
sort of a selection if used as a help 
to establish a research program 
for a single reactor. When at- 
tempting such a selection, the fol- 
lowing general criteria will be of 
use: 

1) Is a substantial part of the 
time and space available around a 
reactor to be devoted to teaching, 
or is, on the contrary, advanced 
research to be considered as the 
main purpose of the project? If 
the former is true, stress will be 
laid on basic techniques and on 
simple experiments, easy to re- 
peat and to check. If advanced 
research is the aim, the behaviour 
of the reactor will be studied once 
for all in its early life, and study 
of the general techniques will be 
reduced to an indispensable mini- 
mum. Care will be taken to look 
for new items, and to create new 
combinations of items already 
named. 

2) Some groups of items are 
practically a must, whatever the 
specialization selected. This 
“common trunk” includes above 
all the reactor behaviour, and 
some specific items such as fast 
neutron techniques, chemical ma- 
nipulations, production of short- 


lived isotopes, radiation dosim- 
etry. 

3) Reactor behaviour is of 
particular interest to technical 


universities which wish to train 
future reactor engineers, and to 
research stations attached to gov- 
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ernmental or private power pro- | 
jects. In such _ institutions, this 
may constitute the whole pro: | 
gramme. 


4) An institution of the testing 
and supplying type will have to 
devote most of the time of its 
reactor to (1) items of research 
calculated to study and improve 
its performance as a supplier, (2 
the supplying functions then- 
selves. Experience shows that, if 
these functions have to be satis. 
fied first, other items of research 
will have to be curtailed. 


5) As we have already stated, 
pilot versions of production re- 
actors should not be considered as 
research reactors at all. Experi- 
mental reactor assemblies built 
for the sole purpose of testing 
some new physical or technologi- 
cal principle, are more closely 
connected with research activities 
proper; they should, however, 
hardly be attempted by educa- 
tional and scientific institutions 
other than the highly specialized 
establishments of the Argonne- 
Harwell-Saclay type. 

6) A reactor, as _ practically 
any other research tool, is subject 
to the following dilemma: 

—If it aims at coming close to the 
ideal of “second to none” or “giv- 
ing the most intense radiation 
available in the world”, it will be 
very costly and difficult to build. 
—The most powerful tools tend 
however to skim any research 
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field to which they come to be 
applied; gross effects are spotted 
more easily, normal-type experi- 
ments can be performed in a 
shorter time and the most refined 
features of a phenomenon, on the 
limit of the powerful tool’s pos- 
sibilities, pass unnoticed by its 
weaker competitors. 

To put it short, opportunities 
to make discoveries cost money. 
However, the finest apparatus 
cannot exhaust a whole science, if 
only because its very uniqueness 










reduces its availability. Possessors 
of second-line equipment, by dint 
of ingeunity, harder work, and 
preparedness to scrap, if neces- 
sary, a no longer promising open- 
ing have a good chance of 
producing brilliant work and pro- 
viders of research reactors need 
not strain their financial backs to 
a breaking-point. Some quantita- 
tive indications as to the correla- 
tion of the reactor intensity with 
the extent of its usefulness for re- 
search will be given later. 


List of Research Subjects 


Behaviour of the Reactor 


Reproduction factor: rise and 
fall of the radiation level (amount 
of fuel burnt per second ) accord- 
ing to the value of reproduction 
factor including the subcritical 
values. 

Effect of control rods and other 
absorbing bodies put in the re- 
actor, on the reproduction factor. 

Effect of temperature and pres- 
sure on the reproduction factor. 

Exploration of neutron densities 
in and around the reactor core, 
with precision techniques (foils, 
etc.). Ratios of fast to 
thermal and resonance to thermal 
neutrons. Determination of char- 
acteristic lengths in various 


wires, 


media in and around the core. 
Radiation densities inside and 
outside experimental holes and 


channels. 
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Attenuation of radiation in 
shields (water for fast neutrons, 
heavy elements for gamma rays). 

Effect of the structure of the re- 
actor on various aspects of be- 
haviour (for example radiation 
density gradients in or near a 
cooling or experimental channel). 

Operation and safety routines. 
Radioactivity after shutdown. 

Effects due to the accumulation 
of fission products and to the 
irradiation of reactor materials. 


Physical Research 

Behaviour of the reactor’s con- 
trol and measuring equipment; 
use of the reactor as a test bench 
for detecting and measuring in- 
struments to be used elsewhere. 

Standardization and calibration 
of reactor radiations in absolute 
and relative units. 




































































































Fission process: fission frag- 
ments (velocity, angular correla- 
tions...) delayed neutrons, ex- 
citation energies, etc. 

Creation of specialized neutron 
spectra: monochromatic neutrons 
(crystal monochromators and 
choppers; uranium — slow-to-fast 
converters ). Interaction of these 
neutrons with various substances : 
thermal cross-sections, fast-cross- 
sections, migration in reproducing 
and non-reproducing media, (in- 
teraction of neutrons with 
the molecular structure of med- 
ium. 


Study of neutron resonance 
phenomena. Neutron optics (dif- 
fraction, refraction, 
and reflections ) 


slow 


polarization 


Gamma-ray, beta-ray and neu- 


trino studies: nuclear spectros- 
copy of isotopes produced by ir- 
radiation in the reactor; neutrons 
produced by 


( photo-effect ). 


gamma-emitters 


Physical study of transmutation 
products (transuranic elements, 
fission products, radioistopes ). 

Solid state physics: 

(a) Diffusion in solids, studied 
with the help of reactor-produced 
tracers. 

(b) Effect of neutron irradia- 
tion on conductivity of semi-con- 
ductors. 


(c) Effect of neutron irradia- 
tion on physical properties of 
alloys. 


(d) General study of lattice 
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defects, as produced by fast neu- 


tron irradiation. 
Chemical Research 

Use of the reactor as a test 
bench for the development of 
tele-manipulation and hot chemis- 
try equipment. 

Characterization of nuclear spe- 
cies, produced in the reactor, by 
radiochemical techniques. Chemi- 
cal study of transmutation pro- 
ducts. 

Radiation chemistry: effects of 
neutrons and gamma-rays (from 
gamma-emitters manufactured in 
the reactor) on chemical proper- 
ties and reactions. Modifications 
of crystalline and _ plastic struc- 
ture under neutron irradiation. 
Hardening of alloys. Speeding up 
of polymerization. 

Phenomena involving both nu- 
clear and chemical processes (e.g. 
Szilard-Chalmers effect ). 

Study of chemical reaction with 
the help of reactor-produced tra- 
cers and sources. Separation pro- 
cesses, 

Quantitative analysis 

(a) with the help of tracers; 

(b) irradiation. 
Search for very small admixtures 
of specific impurities (by neutron 
irradiation ). 


by neutron 


Determination of molecular 
structures by neutron diffraction : 

(a) substances containing hy- 
drogen: 


(b) substances containing at- 
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Se 


oms with specific magnetic prop- 
erties. 


Biology and Medicine 

Effects of radiation on person- 
nel; tolerances. Quantitative for- 
of 


shielding. 


doses, 
Civil de- 


mulation radiation 

dosimetry, 

tense. 
Detailed separate 


kinds of radiation: slow neutrons, 


studies of 


fast neutrons, gamma-rays. Effects 
on living beings (survival, fertili- 
ty, mutations ) studied individual- 
ly or on whole populations. Delay- 
ed effects. 

Pure and applied genetics. Pro- 


duction of mutations in 


useful 
plants. 
Selective response to neutrons 
of tumors injected with neutron- 
capturing (this item 
s quoted as an example of diag- 
nostic and therapetic possibilities 
of a reactor; we may expect that 
a considerable 


substances 


number of other 
such possibilities will be discover- 
ed within the next few years 
Biological and physiological re- 
search with the help of reactor- 
produced tracers and sources. 


media. 
food, drugs and 
medical supplies. Irradiation of 
termentation agents. 


Production of _ sterile 


Sterilization of 


Insect and fungus control. 


Reactor Engineering 

Comparative study of basic re- 
actor designs. Tryouts of novel 
and unconventional designs under 
a more detailed approach. 
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Study of neutron-multiplying 
and neutron-reflecting properties 
of media containing fissile or 
moderating substances, or both. 
Exponential and critical experi- 
ments using a reactor as a neutron 
source, 

Effects of radiation on proposed 
reactor materials (effects produc- 
ed by fast neutrons and by gam- 
ma-rays to be studied separately ) 
as revealed by changes observed 
in (a) electrical conductivity; (b) 
thermal conductivity; (c) heat 
capacity; (d) viscosity; (e) ma- 
terial strength; (f) corrosion prop- 
erties, ete. 

Development and selection of 
new materials. Control of mater- 
ials as regards neutron absorption, 
by the “danger coefficient” and 
oscillation methods. 

Study of 

interaction 


nuclear properties 
with radiation) of 
matter in general, to deepen the 
scientific background of items 
mentioned above. 

Shielding materials, shapes and 
designs. 

Other branches of applied re- 
search. 

Most engineering research is 
carried out by specialized ap- 
plied-research organizations who 
in due course may acquire re- 
actors as standard research tools. 
In the present stage of develop- 
ment and of such tools it 
would be premature and, at any 
rate, too long to list all possible 
specialized applications branch- 


use 


45 













































































































ing out of the basic physical, 
chemical, and reactor-engineering 
subjects mentioned above. A 
“supplying type” research institu- 
tion may find itself called upon to 
supply the following broad cate- 
gories of services to engineering 
research establishments: 

Manufacture of radioactive 
sources, for instance: for 
radiography; for accelerated tests 
of corrosion, stress etc.; for thick- 
ness gauges by beta-ray absorp- 
tion. 


used 


Manufacture of radioactive tra- 
cers used in the study of engi- 
neering processes (one example: 
study of lubrication and wear by 
friction ). 


Study of radiation damage to 
materials likely to be exposed to | 
radiation in the future atomic 
power stations, atomically propell. | 
ed vehicles, seacraft and aircraft, 
etc. 

Applications in agriculture re- 
search and food and drug research, 
will naturally grow out of the sec- 
tions on chemistry, biology and 
medicine listed above. Among in- 
dustries relying on advanced re- 
search, fine metallurgy, electronics 
(esp. semi-conductors) and _ or. 
ganic chemistry may be expected 
to make an increasingly wide use 
of reactors for their 
others will follow. 


research: 


On the Back Cover 


> Looxinc into the “Swimming 
Pool” operating at Geneva, atomic 


energy makes 


the 


blue 


glow 


around the uranium rods at the 
bottom of the pool. Signs saying 
“Reactor on” are reflected in the 
water which cools the reactor and 


shields 


radiation. 


> THE wriTTEN records of ancient 
civilizations were preserved on 
clay bricks. Now glazed _ bricks 
are proposed to enclose the dan- 
radioactive wastes from 
reactors of the atomic age. 


gerous 
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observers 


Hot Atomic Debris Baked in Bricks 





from harmful 


Lieut. William L’a. R. Rice of 
Wright Air Development Center, 
Ohio, reports that “hot” radio- 
active fission products can be 
soaked up by brick clay for easy 
handling before they are buried. 
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For the Home Lab 


Monastral Blue 


by Burton L. Hawk 


In 1928 the workers in the 
Grangemouth Works of Scottish 
Dyes, Inc. were very much sur- 
prised, perhaps disconcerted, to 
find that several batches of 
phthalimide they were preparing 
had a bluish tint. Since phthal- 
imide is normally white, they de- 


duced that some foreign sub- 
stance was causing the blue 
coloration. An investigation re- 


vealed a pin hole in the porcelain 
lining of the iron vessel and the 
contact with iron resulted in the 
formation of a blue pigment. 

Thus, by accident, was dis- 
covered the series of compounds 
known as phthalocyanimes in- 
cluding the excellent blue pig- 
ment, copper phthalocyanime, or 
Monastral Blue.” They are read- 
ily formed by the action of metals 
© metallic salts on phthalonitrile. 

Copper phthalocyanime ( Mon- 
stral Blue) is a deep indigo-blue 
pigment. It is very stable and is 
not affected by alkalies, heat or 
light. It is insoluble in most of the 
usual organic solvents. It absorbs 
the yellow and red portions of the 
spectrum almost completely, thus 
making it a practically “true” blue 
color. 

We can prepare the pigment 
in the home laboratory from urea, 


SEPTEMBER, 1955 


phthalic anhydride, and cupric 
chloride. The ingredients are 
heated to a temperature of 200 
deg. in an oil bath. 

First, prepare the oil bath by 
filling a 250-ml. beaker one-half 
full with vegetable shortening, 
such as Crisco, Spry, or similar 
preparation. Apply gentle heat 
until the fat is completely melted. 
Next, weigh out 4 grams of urea 
and transfer it to a dry 60-ml. 
Florence flask. Add a “pinch” of 
boric acid and mix the powders. 
The boric acid serves as a cata- 
lyst. Immerse the flask inside the 
beaker of fat until the round 
portion is completely submerged. 
In this position the neck is fasten- 
ed to the ring stand by a clamp. 
Do not allow the flask to touch 
the beaker. It should be entirely 
suspended in the liquid fat. Place 
a thermometer in the flask, and 
apply heat to the beaker. Con- 
tinue to heat until the contents of 
the flask reach a temperature of 
150 deg. At this point the urea 
will melt and fumes of ammonia 
will be driven off. Now mix to- 
gether 3 grams of phthalic an- 
hydride with one gram of cupric 
chloride. If your phthalic an- 
hydride is lumpy, powder it first 
in a mortar. Sift the mixed pow- 
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ders into the molten urea in the 
flask and stir. Continue to heat, 


with frequent stirring, until a 
temperature of 200 degrees is 
reached. There will be some 


frothing and fumes will be given 
off. Do not inhale these fumes. 
(It is always a good idea to ex- 
periment in a_ well-ventilated 
The mixture at first is 
blue, then turns to deep green, 
and finally back to blue again 
with a purple and copper luster. 
Continue heating at 200 degrees 
until the mixture becomes dry, 
which should require about 20 
minutes. 

Carefully remove the flask from 
the oil bath and allow to cool. 
Scrape the blue crystals into a 
mortar and grind to a fine pow- 
der. This is the crude pigment. 
Try not to get any of it on your 
hands. 


room ). 


The compound should now be 
purified. First mix the powder 
with dilute sodium hydroxide 
solution. Warm gently for a few 
minutes, then filter. Wash the 
precipitate thoroughly with wa- 
ter. Next, mix it with dilute hy- 
drochloric acid and repeat the 
procedure — warm, filter, and 
wash. This time allow it to dry. 
Dissolve the finely powdered dry 
pigment in concentrated sulfuric 
acid. A deep green solution re- 
sults. Carefully pour this solution, 
in a thin stream, into a beaker of 
water with continual stirring. The 
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pigment separates out as a beauti- 
ful blue precipitate. Finally, filter 
and dry. 

As above, Monastral 
Blue is insoluble in the common 
solvents. In addition to cold con- 
cenirated sulfuric acid, it will dis- 
solve in boiling quinoline and a- 
methylnaphthalene, and _ that’s 
about all. Since you have a flask 
that is no doubt very badly stain- 
ed, cleaning poses a real problem. 
We suggest that you throw the 
ask away rather than attempt to 
clean it. 

The stability of Monastral Blue 
makes it an excellent pigment. It 
is one of the best for 3-color pro- 
cess used in color printing. It is 


stated 


#iso used in coloring paper, leath- 
er, printing inks, colors, 
paints, lacquers, and the bindings 
ot books. 

Comparatively speaking, Mon- 
astral Blue is a rather recent ad- 
dition to the growing list of pure- 
ly synthetic dyes. Aside from its 
properties as a dye, it has a 
structural formula which is quite 
interesting to chemists. This for- 
mula has been found to be closely 
analogous to that of a green pig- 
ment — chlorophyll. In  chloro- 


artists’ 


phyll the metalic element is mag: | 


nesium instead of copper. The 
accidental discovery of the phtha- 
locyanimes is another step toward 
solving the mystery of that faci- 
nating, life-giving, elusive, chloro- 


phyll. 
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